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SR | S ‘ABSTRACT - S

Type III ~hyperlipoprotéihemia i% a rare genetic

) ]

s

disbrﬁer ot fat métabolisnm, frequently leading to premature

arteribsclerosis in the aftlicted. The mode ot inheritance

is- in : question, at least partly because ot a scarcity of

detailéd, kindred'.studies.‘ Such ,studies, in turn, .are

“hinrdered by the tact that the definitive dlagn051s regulres

!

© -éguipment and exper-lse _not  widely available in clinical
« ' /

laeratbries. Fost recently, attentlon has been focussed on

s . Mo

*hc apoprotelns of serum llpoprotelns and,- in some uase

/7

', a,

ria ons in form or concentratlon of theseghave glven

' . A v

e . - : . ‘4
important clues *o the pathogenesis of other 13

) RERNETE N

disorde:s..". ' o ‘ 4 S \QH;[

N . Y . Lo

'fhis study has (been‘ conéeré?d‘ with é' pﬁeﬁoﬁyégaﬂ

'enefysis of,twe large' ahd. several. sQaller'vkrndreds;' én7/“

,éxplqrat;on‘of‘elternate (and 51mpler) methOds}or diaghosis;

'ena?v a phys cochemlcal study '5°t ?&ery. low .@énsity
Frapollpoprote}ns in mvpe III. - |

v

_Tha.lrgldence of Type IITI in the largest kindread, andi
in's smaller : ones,' Was most e0mpat1ble vlth"autosoral
rec=551ve lnher tance, The other large klndred suggested a
domlnant or polygenlc mode..ln this family the proposztus

was tﬁé first, and so far only, reported,caserpt Type III in

v

iv
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childhood. This uﬁique early apbearance ray,be* due to his
.;nherltidg two or morerdiffereﬁt disorders of llpoprotein
metabolism.’ﬂisv'father,' a drabetlc, ‘also exhibired tke
baﬁhognomdnic lipoproteln for pre'IIl, but onlv when his
'dlabetes. was controlled, and " in the absence ofo other
clinical symptoms of lype ITI hyperlipoproteinemia. Evidence
%

presented here - suggests that Type TIIZ may " be more

2geietically heterogeneous than previously supposed. -

Detinit;ve diagnosis of Type III requlres preparative

ultracentrifugation of . tasting plasma --to isolate
lipoproteins prior to ”electrophoresis, . Unpredictabls
‘variations - in  migratiomn. ‘make the electrophoretograms

difficult to interpret. It- was found  thart . addition of
reconstituted rnormal plasma, from whickh most llpoproteln
were removed, not only resulted in more’ »reprodu01ble

mlgratlon but also prov1ded a moblllty refererce marker.

iThe firs+ new merhod‘presented is a 31ngl-, rapldyfr
'sipple,ﬁ analy+1cal ultracentrltugatlon ko u.plasma > after
"'density adjustmene. A characterlstlc blmodalnachlweren peak
vas observed in all untreated apd  some treated ‘fype itz
patlen*s. Another neu apgroach utilizes 1soeleCtrofo¢ussirg
at plasma in polyacrylamlde gels tolloded-bv etaining with
”Sudan Black ‘B Type TII samples produced a unlque pa-tern’

'Vv1th a- densely stalnlng band at pI 5.u44,

-t



oo

B  Aﬂﬁ'exam1nat1on> . Type',; ffp f;efy'_ loq dens1t1>
‘lipoprotelns after dellpldarﬂon revealed an abunﬁance of a
‘new '’ apolipoprotein. ByAamlno acid analys;s this protein
was shouhh £o bei unusually rich in arglnlre and glutamic
: acid‘.It OCCUrs in polymorphlc forms by polyagrylamlde .gel
electrophoresis and 1ion excharnge chromatograpﬁy;‘andahas a
’molecular'weight of”35,0b0. It is seen in small“-amounte‘ in
normal piasma{ The 1ncreased amounts of this apollpoproteln
plus the suggésrion that 1t ‘has an abnormal form, 1nd1cate
that 1t may play an 1mportant role 1n_the appearance and/or

cour se, of ;ype'*TI hyperlrpoprote*nemla.-

vi
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INTRODUCTION

_mal oAl

R

Suspicion tha* an cleva ed serunm cholesterol may Dlay a

:causal role in atharogenesis spur red an ea:ly interest in

o

'£hé' c1rculat1ng serum lipoprotelns. Develdpmén; of higha

Olect"oqhoreéls resul €d 1n a classification cystem durggg
- =X

_the 1950 ¢ whlchgg wxith some'-modiflcatiod,k_is t11l in

general “Se.” Four major groups are' rsc ognlz among the
normal serum lipoproteins. These can i;{an by theﬂ“'
B - 3 : . .
‘hydrated densities and 'electrophoaetlc oh - a

, - bg\}cfes
o = 3 - '—\/-\ '
‘r§}hmed§ém such a e

S paper) cel;ulosa ‘acetate or agarose gel.!
::j>;dOmpositiona1 differenceé' in prote*n, prosphollp*
- cholesterol (free and esterified) and *rlglycerldc confenf 2

'1and they have spec1t1c me+atollc roles~' . o

-

e |

»-Chylomlqrcns, avarage density (d)'<0.9u g/ml, Sf>u00%,

- remain _at' the orlgﬁn upon eleczrophores;s on paper,
‘ collulose acetate and agarose gel. . _ B

‘“—Very ~109  den51ty llpoprotalns (VLDL) ‘a C. 041{006
-a*'g/ml" Sfr26?¢0b prebeta moblllty.
—Low den31ty llpoprotelns (LDL), d=1.00e-~ 1.063 g/ml, Sf

| 0-20, beta moblllty.,,
NP " 2

j’.‘*sf“;éi flotatlon ‘rage in Svedpergs (10-13 cm/s/dynO/g) in a
S .<odlum chlorlde solutlon den31ty 1. 063 g/ml at 269,.3

v e

1

av,\ 'f

resolntlon --echnlques in ultracentrifucation anas

. These major clgsses also  have relativély distinct

st



/\

’

-High denQ1ty llpop*etelns (HDL), d=1;063-1.21 g/ml,

$f<0, alpha mob111fy.

In the _oil’c. ir3g work, rormal lipoproteins will be

-

referred to mu both  electrophoretic  mobility ard

alpha4HDL. Abnormal'particles which are found =n variqus
) . <
disease states u1ll be GGQ1gnated in the same tashion algng

w1th the dlsease, e,g. Type III-beta—VLDL,,105 the abnormal

‘beta-migratlng very low density lipdprotélnfround in Type

Y . . ' ~ ’ !

1IT hyperlipoproteirenmia. , 7

.————.—_-————-———.————

For some time familial hyperlipidemiaé have been
, TN . ' o
recognized as predisposing *o atherosclerosis but systematik

—

studies were-hampergd‘nbt only by 1nadequate'technigues fcr

tfor clinical tea*ures. A con51stent-A system for the

recognition ~ and raming. of = pathological conditiorns

characterized by rievations in prod lipids did not exist
- : . ’ " ,"

until relatively recent tlmes. a tvplng systen dev1sed by

Fredr‘ckson at al. and rev1eued in’ tull in thelr now. c1a531c

-1967 paper* has been wldely adopted5 and pogularlzed °. and

1

‘ultracentrifugal behaviour, e.g. beta-LDL, prebeta-VLDL,xf

L

vllpoproteln anc.lys:Lc but also by lack ot unlforn term*nology_

uithj some | mod1f1cat10n7 will be use&shere to descrlbe the:;'-

hyperllpoprotelnemlas.

k Type'IF-'eleyated chylomicrons in'faSting plasma (16-16;



: ‘ 4
hours after the last meal of 'z normal diet) ; due to a

‘deficiency of post-hepaﬁin lipélytic activ%gy;e autosomal

recessive inheritance; very rare. Fasting‘chylomicronemia is
. . i

. <y ) ) ) ‘ .
occa51on&fiy seeft secondary to other disorders such. zs

]

\
i

)

Type IT-- elevated : beta~LDL with 'accompanying~

hypothjr01dism ard untreated diabetes mellitus(

hypcrcholes*erolem¢a° autosomal dom1nan+ s inheritance;
.ﬁ?ﬁatlvaly commqn in the heterozygous form. There is of*en a
strong’ family ‘hist o;y of prematurc coronarv =rtery d*seasé
I
‘associated uithrﬁhis condition. Sub:;assifi&ation‘intO'Types‘ﬂ
-II; and Iib has‘been made. depehdent. upon the 'Concomitant
abéence or ‘presegce ot elévafléns’in prebeta-VLDL. It has
beéh suggésted, on the hasié of gehetlc’studies, that - Type
"I:b,. is a completely . éeparate entity.9  19. a Typse FII
lipoprotein pattérn»héy also be seen in a ‘number of other
corditions: - hjpotnyroidism,‘ liver dlseé:é,“'»nephrotib

syrdrome.

.Ty§e iII;- characterized by th§ 'presence Sf aﬁﬁormal
. VLDL 1in addition to'.the” usual'normaJ‘llpoptoteins. Thié
abn5rmal_ VLDL is 'beta;migrating : dpog | _llpoproféin
_ef%ctrophoresis and"itsf'presence often‘results in é bfoad
‘fu$1oh of the beta and pfébgta_ pands;i hence‘_the/ syndnym Q
7broad4befﬁ  disease'. ' Thel <disease 1s rare and the
ihhefitéhce is uuhdecided. Typéfflll'v§eta4VLle has been
repdrted to ‘:bcéﬁf “;raﬁsiéttiy‘”in vuh:reated.’diab ic

ketoacidosis and systemic | lupus erythematosus. {1 The-



B » \v SR | _ g

diso;der is aggravated and - may be ‘?faused by

‘may be only a nutritional variant cf Type IV.13

"ditficult  to flnd. | Slnce establishment_ of Ma' 'hard?

‘hypcthyroidism.12 .

/o

PR

'Type IV-- elevated fasting prebeta-vVLDL; autosomal

recessive inheritance; very common:  has -many secondary

L .

‘cduses.

&

»

P

- Type V-- combined elevation of prebeta-VLDL and fasting

chylomicrons; autosomal recessive . inharitance; very rare;‘

TYPE_III_ - GENETICS

ThlS disorder was: recognlzed by Fredrlckson et al. as a

~ c

separate and distinct form of hyperllpcprotelnemla in thelr

1067 revmeu.* Prlor +o this most uorkera did. not dlstlngulsh‘

the dlsease as. belng a unlque entity. ‘Studies by Gofman et

w

al.1s in 1954 reterrlng to. "xanthoma tube:asumﬁ.and.by

© Borriels . in 1957 referring.  “to  « "idiopathic
hyrercholesterclemnic . - ‘Xanthomatosis associz ted with
hypertriglyceridemia" uere"almost certainly chn Type' I1T .

patients and - some of these have since been restud1ed.l6.

~

Gererally, though, clear cut pre 1967 llterature cCases ‘are

1

detinition, a number'of family studies “have been reported

but the mode of 1nher’tance 1s Stlll unclear. Because of the

'+echn1cal demands (achsess to a préparative ultracentrlfuge

and a high resolutlon e'ectropnor«31s method) many vriters

e
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have’ used ‘ﬂﬁssv rigorous definitions of the disorder

(cllrlcal symptoms, trlglycerlde/cholesterol ratlos, ‘broad-

beta! electrophoretlc pat*ern)\lﬂence, it is llkely that
mary of the reported ‘cases of rype III are not that dlsorder

at all. Thus' irheritance of Type III 'and 1ts familial

coinc1dence Wwith other hyperlipoproteinemic types 1is not.

well documented.

Nevin and Slack -have sugqested that the dlsease is

N

1nber1ted as an 1ncomplete dom1nant17 18 put tbelr criteria

 for establlshlng *the diagnosis vaS~baseo oniy~on serum lipid

levels and xamtnomatosis. Matthews concluded that Types 11z

and IV are different phenotyplc expre551ons of . the same

g’mutation.l°'ﬂouever, -his crlterra tor classﬁglcatlon were an

elevation in beta- ‘"and prebeta— l;POpIO;ElDS 'on_vpaper

electrmphorexograms and mdst of these . patierts  would

probably now _be called Type IIb orv ‘mixed rype’

hyperllpoprotelremlcs. Fredrlckson and Levy have reported 26

klrdreds dlth Type II3.7 In 21 of these rype IV was seen in

other members ct the tamlly, Type IT never, and Type IIT

‘wWith vertlcal *ransm1<510n in tlve. rr‘hey sugoest that the

llkely modes  of 1nher1tance are: (1) autosomal domlnance

wlth 1ncomplete (Type iv) heterozygous express;on, or (Z)

mlxed heterozy9051ty for more than one mutatlon ‘with Type”IV

fan» expre551on “of one of these, or (3) autosomal rece551ve

! s
ulfh Type IV as the hetero&ygote phenotype.‘ ‘ o 7

o

A highvinC1dence;of Type IV in Tyﬁe III kly&reds is

¢

.



well documented. Hovwever, coincidence of Type II and f;éé
III, (seen in one faﬁily in'this study),” has been -rareiy‘
reported. Fredrlckson and Levy' report a complete absence of
Type II pat terns in the arore mentioned Type III klndreds.
They also clalm to have found no cases of Type iIT in  an
anal ysis of more than 200 klndreds of Type II. Lees'et al.Zé
found only one Type II among more than. 100 reiativesyof TYpe

I11 probands, oa frequency uhlch could be completely

" fortuitous.

'
\

On'the'other hand, Lasser and Katz21 ,reported a Qell»
defined Type III wlth hlgh LDL-cholesterol (a characterlstlc
of Type II).VThls subwect had normal 51b11ngs and. spouse but
gfour sons‘ vere Type II, :Hazzard et al.z22 found beta-VIDL
assoc1ated with ngn levels ot LDL~- cholesterol in a ‘patient
vhese famlly . net thelr Criteria »for famlllal
hypercholesterolemif : (approximatelv , ﬁ;equlvalent - to
Ffedrickson's Type II):. In tuo other hyperllplaemlc subjects
.they"tound'.%aint beta- -VLDL electrophoretlc . bands in the
presence of a predomlnance of’ prebeta VLDL and/or, beta-LDL.“
" In ~ this excellent _ study of surv1vors or myocargial
»1nfarct10n (whlch 1nc1dentally casts doubt %he genetic
valldlty of the Predrlckson typrng system) they suggest tha+
_beta -VLDL may ;nbti‘be’ "as spec1f1c marker for a dlStlnCt
’genetic disorder"; In.*hls regard 1t should - be nqteq that
Fredrickson  and ‘-Levy7 and Lees et al.zo used paper

electrophore51s to search .tor beta-VLDL a leSS‘_sehsitive



method %&han ~agarose gel electrophoresis used by Hazzard et

}’\.‘

al.z22

|

l1etic analyses are aluays 'embarrassed uhen it is

nece ssary to study a subqtance or sywmpton vhlch ~'s a few (or
many) ’sfeps 'removed rrcm the nutant gere product. Such is
the.casevin.Type'III is. will .be »turther “discussed undcr
Resulis and Dlscu531on 1t soems possible that more thqn ore
defect could give rlse to a beta~m1grat1ng llpoprotein vith
VLDL ultracentrltugal behaviour. In all the sub]ects of the
study reported heLe, though, be*a VLDL was 2 g_gg__;g_;g

lipoprotein. * _ AP -

The only. other literature Peport of Type III occurr‘ng
in *he same- kirdred u1th ype IT 1s that -by Strunge arq

Trostman 23 They tound Types i1, III,‘and IV among 13 adult
- | . oy | .
Siblings vhose father was Type 1Iv. «Hovever, S-rious

discrepancies in:- their data and a rallure to. r*gorously
detine *helr cr’terla tcr dlagn031s rule against acceptance

| A
.of that report -

, Onset ot the Type 111 condition has beern asSociated

with.ﬁatutity. The mean age of detection 1is 30-35 years . in

males ana 45-5C0 years ir 7tem%1es;2‘ There have bheen no

ﬁ.

* A patient diagnosed as Type III at the time of this

'_Hrltlng had clinical symptoms: associated with the disease -

(planar and tuberous xanthomas), elevated VLDL~cholestercl
and 'broad-beta® electrcphoretic pattern; but the wmajor
portion of -ultracentrlfugally 1solated VLDL migrated as a
sharp’-banad betveen the beta -and ‘prebeta reglons with —only
minor amounts in. those regﬂons proper. ' o

Y



:,ﬁgﬁ indisputaﬁlé litérature reports (other than fronm this ™.
“léboratoryzs) of the‘conditionr occurring betore the end of

the. second decade.”

Type  ITI  has  beer  the most  difticult  of
hyperllpoprofe;nemiasv o - detect beacagise of technical
pfoblems associated' with' laboratory‘ diagnosis. This is
unfortunaté, since thé 'diseaée . 1is also ?one of ihe most

sdtisfying to treat from: th2 clinician's p01nt of v1ew.

&

Aftected patients gonerally rcspond dramatlcally to dletary
management,:alone/ir Hlth clof*brate (the drug of choice in
treatment og thls dlseasez° 27) . . There ‘is evidence of
atheromatouslregres on upon +reaoment and the progn051s cf
"treated patlent: is good 28 71t seema po¢51ble tha* there are
a good many cllnlcally asynptomatlc a“d undlagrosed people'

wlth Typc 111 hyperllpoprotelnemla.

There %s no report of beta-VLDL aopearing in a patlert
in. whom it had prev1ously been shown to be absent. Beta-VLDL
has been/ dlscovered in asynptouatlc relatives during

scrgening pf kindreds of- ;ymptonatic Type III .probands.
Béfa-VLDLl'is alwéYs.,present in tregked ;ype‘III'pafients
;hcse ilpids havevnofmalizéd; Symptomat¢c ’Iype‘IIT is often
bassoc1ated Hlth and may be pre"}gltated by wéigh*sgaln. 

Ry

- It appears then, that this disease ﬁlght be diagﬁosed



=

before onset of clinical symétoms and by appropriéte'
managemen£, attected pcrsons could be put at con51derably
less risk ot arterlosclor051s. ”he na]or stumbllng block to
this attracblve p0551b111*y is the dlfflculty of laboratory

"diagnosis.’

..

Definitive dla&nosis R requifes‘ a preparétive
ultracentrlfugé;‘a lipéprttein eleCttophoresis systei; and a
high degree of .expértise irn  the use-éf this equipment
Routine analysis; then, is botﬁ éxpeﬁsi#e; xtime consuaing
'and' ’technically“ éemahdirg. A number ot aluernatlvé
procedurec have been pProposed but remaln eit her unproven or

nnrellable.

‘The simplest ot these is the "rule of thumb" devised by
Predrickson and Levy.29 This~rthires only serum cholesterol

e

and triglyceride_ gﬁahtltatidn.z In Typk il;‘:he‘numeriéal
result of: 4 ] R a
[cholésterol(mg/lOO ml) ] - [triglvceridb(mg/loo ﬁl)/S]
,1s gﬁeater than 250, This cr1+erlon p;obably holds 'trde in
many but: certalnly not all cases of Type TIL. Varlatlons on
thls theme have been advocated ‘all of ~thenm based“on‘ thev
fact . that‘ Type III” beta-VvLDL zg‘fabﬁormally rich“iﬁ
, Cholesterol. Hazzard ot 51.30 havé  suggested +hat a VLDL
choiestérol/triglyééride . ratio >b:u2"(or >0.47u22) is’
vdiagndstic of Type:III.-PreparafiVé ultracentrifugétion to
isolaté VLDL for llpld analysis is Stlll raqul* d, although

selective polyarlon*c prec1p1tat10n31 umay be poSSibie, A
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‘number of hyperiipoproteinemi

subjects withodt any evidence
of beta-VLDL have been positive. by this‘test.zéﬂwv'ﬂnga et
‘Q 32z ::eport the ratio of vy DL-choiesterol/total -serum:
cholesterol 1in Type ‘III to have a range (0.25-0. 50) uhlch

does not overlap that seen in other conditions. This method

also requires a prep=tat1ve u. acentrlfuge.
. ¢ |

Ahalyticalz ltracert*lfugatlon of plasma. lipoproteins
.byothe ‘method developed at the Donner Laborafory33 yields a-
"dlst_nctlve pattern with' Type III plasma. ?here is an‘excess
of the Sf 12-20 and'a'depression'of the SE 0-12 class of
: lipoprofelns.3fyThe method in its edti:;ty' fegu;ges rather
psophiétioatedo egdipment tor, and techniques in, preparative
and analytical ultracentritugation, refractometry, 'add‘

computerization; and the typical Type III pattarn generated.

has been seen in Type IV in the abssnce of beta-VLDL.?

- A ‘broad-betat pattarn freguently }_observed on
lipopfofein elecfrophoreeis of untreated Type‘III plasma may
bhe thev firSt hint putlis not @iagnoétic. Other oonditions
also produce'ap‘broad—beta' patpern3s and sometimss it is

not seen ﬂgt .- all.3e  simultaneous electrophore51s on

polyacrylamlde gel and - another medium ‘such _as: parer Cor

agarose gel'.hae been feported7to clearly diSting'ish Type
II« from‘ other pheno{ypes.37 These resolts; houever,'
conflict with other reports ot lipoprcteirn. el% trophor951sﬁ
in poiyacrYlamide geL,?ﬂ‘although)thls may be_due tc minor

methodologioal 'differences; Immunologic distinction of Tyve

/-



11X has been made, 39 us1ng an antiserum to. apolipoprotein*&
(Lp-x' ‘ah[ abnormal serun llpoproteln found in ohstructive
liver dlsaaqe*o) .Lhe apéprotéin_of'Lp—X is iargely albamin
plus >~ the small ' peptades (moiecular Qéighf <1d 00¢C,

. 14
, . I
-C)  found in ‘JLDL‘.%this

. . ! & S
method observation .of ‘ %mun0pr°c1p1t1n arc in the beta

collectlvely often callod a'

region atter 1hmunoéiaé¥;5phore51s is considered ‘dlagnost"

for Type III.. Ihé 'iantlsera, althougn manufactured
commércially‘now, is ‘not - w;del; -awallable. -Most reaently
Hielang aha Seidels: havé reported'a»method'involVing the
specific polyaniohic bfecip;tatibn ot VLDL N\@fter
electrophoresis'. in»..agaroae _ gel.A Vlcuallzatlon of =a

precipitate in tha beta reglon is clalmed to bé' diagnostic

- of Type ITI,

——— e —— TS e o D T ——— — —— . — i o 2 s o .

In the pastl few jnarc 1nten51ve work ir a numher of
iaboratorles has eluc*dated many of the vcharacterlstlcs 'df
the major 'apoprotelns of normal huhia7plasma llpoprotelns.
Table 1 lists some of these characterls+1cs, the na?é used .

in thlS J%rk and some. of the more freguently’foundjéynonyms~

used -~ the llterature.

The complete amino acld bequences have been publlshed
gbr apoLp GinII,<apQ;p Ser and apolp~= Ala.*J 44 a5 ”hese have
been characterlzed by . a. remarkably high lnci§§ﬁﬁe' of
P ‘ » iy g

- contiguous basic and acidic residues, ‘a. property long



12

Tabie;1, Major appprotelns of humaan plasm§<lip0protein$._

«

—— . e e e e e, e e e e -—

‘Nama | Synonyas Terminals . MW* A ®f protein in
=T N- -C . "0 _VLDL LDL . HDLe2
apoLp-GlnI &-I Gln  28B0QC -** .- .65-75
R ‘apolP- : ‘ ' T
apoLp-GlnIIi A-IT °  PCA  Gln 17380 - -  20-25 .
-apoLP-gln ‘
apoLp-B- ° B ' .. “Glu ' Ser? 250002 40-45 994 - ' .
o . apolP-ser ' S S
; ipo IbL .
‘
apoLp-Ser  C-I . Thr.. Ser 6631 8-10 -  2-4
. . 'apolP-val? . s L '
apoLp-Glu' . C-II Thr  Gla' 10000 . 8-10 - 2-4
. apoLp-Ala C-TII Ser . Ala 8764 - 30 - 5-1u
! ) A Y S o —— -

;nclecular wdigﬁt. ‘
_**cpa"cs laf* blanx do not racessarlly mean that there is
none of that apolipoprctein present but most uorkers have.
reported lass than 1% and tuis could possibly . .Que " to

contamination of llpoprot=1n preparations by _nembers of
othar d°1Sl*y Classes, .
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A {
thought to be 1mportant in proteln lipid blndlng.‘b ApoLp-
Ggfr\anﬁ .wdﬁ@_clu are activators of lec1th1n:cholesterol

? : o
-acyltraA ,-Lage" and L—\l:Lpopro‘ce.Ln lipase+e respectivaly.

|+

. , . o T . .
g Relatively,little 1s knowr about apoLpcB. It té&nds to

aggregate and ‘is very insoluble., Recgnt: Leports have

suggested that it can be separated into two or three
distinct peotides.“9 So ApoLp Ala is found 1n polymorphic
forns with dlfterenu stolchlometric amounts of -51a11c acid

bound to '1t.51‘52 rhese Will be referred to as apolp- AlaC

Pl

‘apoLp~Ala1, and ap0Lp Ala? tor the torms havxng 9%, 1, or 2

, @

molas of sialic ac1d bound per mole ot proteln.'A numbe* ‘of-

othar minor apollpop otelins have been tound _ but bhese.vare 

’ . N
not well qhayécterized,so R ‘ I

e o
°
v

Since Type IITI plasna contalns abnormal VLDL it seemcd

T

a p3551b111ty that this was due to syn;hes1s ot an abno*m

pe'}

appllpoproteln, which either pad _unusyal, l;pld blndlng
préper%ies or interferéd in some"ofker vay 'wlth llpld”
hetabolism( Chemlcal, optlcal and 1mmunochem1cal studles of
'apoLp-B isolatead trom both bata- LDL and total VLDL éfv rypef
111 plaama ylelded no deuectable daffer ences.trom'tha¥ﬁ6% ¢;H_
nornal plasma.53 Nor were there any remarkable jdlfforeﬁc;a;?"%
:in  the c apollpoprotelns (apoLp Ser, apoLp Glu, apolp- &ig)i "
| f*om Type III total VLDL Se. Quartordt e* al hﬁve ‘beparated ?
~and 1solated beta VLDL and prebeta VLDL t&om Type LLI donorsfi
by - starch Ablock electrophote51s.5s *T.v érebeta VLDL was;” 

.

chemically'.very 51m11ar t prebeta VLDL from nokmalf;'

.




»

With- an incraase in the prop

protelns-

1y

~Subjects. The apoprotein of Type IIX beta-VLDL on the other

hand 'Was found to consist alﬁqst entlrely of apoLp- B. ‘Thug

Cif the apoprotelnb of, the total VLDL 196ﬁiéed from Type IIT
\\ yp

'plasma wvera examlnad on% would -nxpect to find ~ the samn

qualltatlva comPObltIon as in that fronm normal prebeta—VLDL'

tion of apoLp B. ‘Previous work

4 :
in . +hls laboratony ~on' one case of ‘Type III confirmed the

1ncreased amouq*s of apoLp B.3% Howaver, it was found that

the gualvtatlve comp051t10n 'Was not the same in'TyPe 11X

total VLDL and normal or Type IV prebeta-VLDL. There were

-3 .
substantlal amounts = of protein (s) in TypefIII total VLDL

'whlch were not identical “with Tany ofe the - prev1ously

'recbgnized~ ma]or apol*poprotelns of normal alpha-HDL, betaf

iDl, or prebeta—VLDL se A secord point . ot conflict arises
between the data Of. Quarfordt et al. and that of another‘

labor‘tory (Seldel and Gre*eu39) in that if Type III’ peta-

”yLDL contalns"only apoLp—B then 1t_ hould not cross-reac-

o

-(as it was fcund to \«dc39) ~with antiserum to the apo-C

s

. L . N .

'l-In the fxllowing work it was proposed :to:

(1) : - the éenetics of available Type IIT

klndreds, espec1ally that of the flrst reported case. of fthe_

dlsorder appearlng 1n a Chlld 2s’

1 -~

(2) explore_ new approaches vtpv making Ca labcratory

o

'dlagn051s of Type III hyperllpoprotelnemla by\nethods ,thChA.

v
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5
did not'require'preparative_ultréqentritu7ation.

4

(3) /re-examine the question of the apollpoprotelns in
Type III VLDL espec;ally to see if the 'nev' prote1q55° were
consaatently present in other cases of Type *I' and if 'they

eould be 1solated and cbaracterlzad



+

" METHODS AND MATERIALS

. Plasma samples for chemical determlﬁations,‘and fqg}
examination of the composition or charaéﬁfr of lipbprbteiﬁs
AP : . . : q ’ . .

ware repar2d from  blood dfavn.by venipunczuré, dfter g 12-

1

14 h ' fast, into Vacutainar tubes éontaining ~tripotassium

u

IEDTA (Becton, Dickirson & Co., Clarkson, onty). “

- S .
s, Samples for the geparatlon of apollpopLotelns ware\

draﬁn, after fasting, into Fenual RT-204CRC  Transfer Packs

(Baxtér Laboratories, Halton, Ont), cbntainlng acid-citrate-

S

de xtrose. o
%
Plasma vas stored at 4 and 'preserved' by addlng)

butfernd 1.5% Thlmerosal at- a rate og 4 ul/ml\57 Plasma fron
: l

dist an* points was packed ch ‘ice in insulated contalners and
. \ . .
usually shﬂpped py alr EXPress. Chen1cal deternlnatlons and

isolation of-density fractions were done\yithinda\gay or. two
: . . t i

””of-'drawing the sample.'Longer,storage than this resulted in

noticeable deterioraticn of electro;E%retlc‘ patterns  of

. 5 o ' A ’ o )
whole plasma  although isolated %fractibns ‘Were much more
..Stable. o

16



¥
NALYTICAL ULLRACENTR‘FUGATION :Plasma 11poprotedn }

e

\ . .
X PlaSma samples were ce?.,rlfuged in a Ber*kman Model =

i}

analyt*Cal B ultracentrifuge (Beckmand'lnstruments, Inc.,
Spinco Div., Palo . Al:o, Calit) us1ﬁg " the - followvwirng

Aprocedure.*nTo 1.0 ml of,EDTA plasma was added 0.41 g KBr to
f ylefd a solution of density -1, 27 g/ml Thls was' centrlfuged
.dt 200 and. uy, OOO Ipm wWith the Schlleren paetcrn recorded
':devery 2 dln for 12 to 16 min atter. a*talnment of full qpeed
iQLFle;atlon constanis; useerrecied\\rpr concentﬁation,‘ were
calculated trom the-:esuiting time/dis;ance~chrves.

2

. : N 'ﬁgg.,
PREPARRTIVE ULTRACENTRIFUGATION :Plasma lipoproteias

Lipoproteins = were - isolated from plasma"by -ainer

modification of the methed of  Hatch  and Leas,s?

Ultracentrifugatioﬁ was done. .in ' a . Beckman . L2-65B

ultracen*rdfuge u51ng Varlﬁhs rotoro, (60“, 65, or 3C. 2),

dependlng on the volume of sample. In °very case the speed
’ ' '

-and tmme ot runnlng was aa)usted sc  that lSOluthn and

washlng of llpoprotelns was under the following ‘conditions:

Chyloiiérons f"7.8 x 104 g.m;n at native‘denSity, ToOoRm

temperature.

VLDL -- 1.7 x 108 gemir at d=1.006 gyml, 170°.

%* K. A, Evelyn; Strong Latoratory, Department -of Hed1c1ne,
Unlvers1ty of Briti sh Colunbla, per»oral conmunlca"on.

-
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LDL =-- 1.4 x 1Cse ;:min at d=1.063 g/ml,'17°;

HDL -- 2.7 X 108 gemin at d=1.26'g/ml,:7°.
',Densities ' were “determined' by pycnometry‘ at 'rooa‘
temperature and adjusted with' SOlld NaBr. Chylomicrons f;ere
often *emoved by, plac1ng' the_ plasma at 49 overnight and
asplratlng the creamy layer that formed at the .t0p>.0f. fhe>
_sample, Atter‘ chylomlcrcu~ wvere removed-the“VLDL#fraction‘
ﬁaslisolateq by putting tbe plasma> in a cehtrlruge~‘tube,
earefully'overlaying this with salt solution dehsify“= 1.0C6
g/nl and eentrifuging'fcr the appropriate time, The floaelngA
layer (VLDL) was removed by tube sl£c1ng. Ine eentral clear
solutlon 1n the ube was discarded and'”the 1nf:anatant
ﬂ(contalnlng LDL, HDL and plasma plotelns) uas:adjﬁsted to
denslty = 1. 063 g/ml and centrlfuged tQ ‘isolate lDL. .The‘
- corresponding ptoCedure was folloved tbe'isolate; HDL at
dehSity =.1.°d’g/ml. Tsolated fractions were, usually mixed'

wlth ‘vo volumeS\gt salt =olfllqp at the approprlate denslty

“and uashed twice by centrlfu 1ng.

([\»/

dashed llpoprotelns to. be used fet apollpop*otoln'
preparatlon were dlalyzed agalnst C.01%. d’sbdlum EDTA, pa 8
ee
-Lipid-pb?* flasma (LPP) used. 1n ‘agarose electrophore51s
auas' preéared by adjustlng_ the den31ty ot pooled normal'
o plasma to 1. 21 g/ml with NaBr, centrltuqlng as if to. 1solate

K

HDL ‘ahd"-sllc1ng " off  and d*scardlng e’the floating



iinproteins. Tne\ intrapatant (LPP) was dialyzed agaihét
knormél‘saline, tiltered and stored at -200.:_Lipoprotein
”electrophdresis of LPP yielded only a llghtly stalnlng band
in thD alpha: reglon, probably due,to minor amounts of'HDL or
very bigh density'llpopr‘eteins_(VHDL).S8 59

TS s T - v — — .

LIFID ANALYSIS :Plasma lipopryteins

'

A semifeutemated' ‘nethod : for the | simuitaneous‘
deferminationl of triglyceridésee angd cndleste:olﬁl in and
isopropenol extract was used. This Jes performed at the
University Hospltal using the seme standards and control

A

sera as for the routlne CllPlcal araly is,
AGMROSE GEL ELECTROPHORESIS Plasma lipoproteirs

, P : : , ,
Elec rophoreels ot plasma 11poprotetns was done by the .

precedufe prev1ously _ reported from this labpratory;bz
'_Agarosé 0.5%, N/v) 1h.c.05n barbital butfer, pH 8.6 vas -
.pOuted onto ‘motion- plcture leader film ‘and alloned to se‘-
' Slcfs‘dere‘ ut into the gel and fllled with 1C ul of sample.
‘électrophoresis uas‘performed 6 V/cm tor 45  mir. Staining
ifh"Sudan Black B ”(C;I. Qpl 26150) and\géftaining vasf'
earefully standardlzed and contralled Prev1ous ctud‘es have .
"shown that there 15%?n excellent correlatlon between the dve
,uptake and Vtheb amount ef llgoproteln present in . €ach
.fraCtion.s?f 63 In order to obtaln reproduc1ble mlgratlon ef

ultracentrlfuge 1solated llpoproteln _tracelons ~-it  was

P

1
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necessary to: replace other serunm protelns to the amount
removed durlng 1solat10n. This was done by adding llpld poor
plasma to the sample. ' . o §

190

gLI__;_ ATICY :Lipoproteins

Lipid~free‘ apoiipoprotein _ (<1i : phospnolipid no
detectable tr’glycerﬂde or cholesterol) could bc obtalned by
llpld extraction into. ethanol dlethyl ether (3 1, v/v).b’-
Salt free samplec of 1solated lﬂpop*otelns were lyopﬁilized
:(Automatlc Preeze Dryet Model 10-010, The VlLtlS Company,
Gafdinef; NY) in 5C " ml ‘tound botton centr tuge tubes.
. Zthkanol-ether (uo_ ml) Qas 'added,'.the"lipoprotein fcake
dispersed-by;shakihg'an t§e‘etoppeted " tube mOpnteda on a

rotator. Extraction . was continued at 49, After 8 h

extraction the?migiure eas,ceﬁtrifugedi(zoqo rpp,_e15 ‘mih),'
.the>' eapeghatant' ‘decanted  ana ithe- séddmea}ed protein
resaspended in ethanol-etherufor a'ﬁurtﬁeras -h.'exttaetion.
This procedure'uas repeated UDtll the proteln L comoletelyf
white e usually *hree to flve tlmes. The prot51n wvas then
'washed three tlmes in ether,and dr;ed ander .av stfeam-‘efe
nittogen. The ‘reeult;nﬁ_apolipoptoteln-yas*soldble in 0.2M
TrisHCl, ‘pﬂ Q.Z, 0.1 sodium "deeylf'.SQIphate :jto a
corcentration ofaBO-;;/ml. | |

7_ a redort by Scanu apd °delste1n°5 suggested that,

substantlal proteln looses could occur durlng ethanol ether

Con .

- -extractlon. ﬂovever, t:eatment of_the'supernatantS'in the

L 4

=



above procedure'according to their _ ecommendatlons yieided
no. proteln. Apparently such losses depend upon the presence
of water in rhe extracting  solvents (Scanu and Edelstein
used - lipoprotein .' preparatibns, directly . Hituout
lyophilizatien). : | "'éig

COLUMN CHROMATOGRAPHY :Apclipoproteins. -

*ris (trls[hydroxyuothvl]amlnoma hane) butfer was.'
prepared u31ng Trlzma and TrlzmaHCl (Slgma Chemical Co.; St.
Louls, Mo) . mixed in ratlos:accordlng to‘tne_manufacturer's
.Bulleriu No. 1C6B. A stock sblution of Unit mblarityraud pH
8;2 vas >bSrepared ~containing 70.8 'g:TrizmaHCl and 66 8. g
Trizma/l..This’was dilu*ed app:o;Liately to YIEld buffers of‘
_the requlred conceutra*lon. Buffers were put *brough .a 0.8

'«nm fllter (Hlll‘pore P*lter Corporarlon, Bedford dass)  and
stored at. uo, Urea (ACS cer 1t;ed grade, Pisher Scieutifié)
,was prepared .as 8N solutibn,» tiltered and stored at'u°.
Iumediarelyvprior o use‘it wasp Tun .through, a ceiumn jpf
v;exyp 'OIBOC._ (Fishér)v tc - 'produce. a2 solutzon havipg
corductivity <j umho/e-g 50diuu' dec}1~fsulphate ‘ (NaDs)
purchased from ,SchwarZ/Harn,.Orangeburg, NY, ¥vas used as a"
solub11121ng~ detergen* in preference .to sodlum 'dodecvl
sulphate - {(SDS) since WaDS can be nore completely removed by
dlalysls.°° Hafer ‘for solu*lons and dlalyses was. dlstllled

~aﬁ§ : delonlzed Apollpoprotelnsv dissolved‘ in Tris-NapsS

butfers vere ﬂialyzed.fin. 18/32 dialysis tubing (Union

s,
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’Carbidey; Proteinsy{in urea ‘solutions, were dialyzed ia
Spectrapor Membrane Tubing 3, MW cut-off 35LO (Spectruﬁ
Médical Industries.‘lnc., Los Angeies, Callf). This low
molscular weight éuthff,dialYSiS rlbing ﬁas used since in
urea solutions .sién;ficaat losses of‘protéih {2specially
apoLp-Sar) occurréd:ESin’_ the 18/32> tubaing. 'Dialysis ‘of

pooled’ fractions froa’ coluamn chromatography iasgsat uo

against water, usually contlnucd S until the protein
.précipitated Thes= fractlons were then lyophlllzed and

" stored dry at -2C° or in buffer solu+1on at u° T v

s

Absorbance was read in a Beckman DU . $pectrophotomé;ér i

equipped with a Gilford.optical dansity'conberterf_Rrb%éim;

corcentrations wer2 approximated by the foramula A

1.55 3280 - 0.74 A26¢ = mg/ml.67 ‘. S

This agreed with dry belght”uithia 11b%:; ‘;'_ e Va;,,f‘;f;”“
Gel filtr t;gn;chromatog rap h1. Sephadéi-GZ '] (Pha;maéla

»1?|

Capada) Ltd.i_ﬂontreal, Quc) vzs suollen, dOgassed packeﬁ”’

équilibrated and = eluted accordrng o the’ manuf&cturer'

instrictionsé® with 9.2nm 'TrisHCl, pH 8;2,' 2H WaDS,
. | i ‘h , (,,
0.C03M Sodium azide in a 2.5 x 100 ca glass column

]

, : S «,”'.
'(Pharmacia K25/100 Hlth flcv adapters) at rooam tonperature& ?;E

Elutlon was by pump-= ‘driven upuard tlow at 20 ml/h. Practlonf*'
were collected by drop countlng (50 drops = 2.2 ml/tubeh..h
. Lt

Prctein- samplec (5- 100 ng) were applled dlssolved i J u ml "

S 0.2m Trisﬂcl pH 8 2 "~ 0.1M NaDS. Void volunes;,(Voiv and
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effectiue bed volumes (Vt) were determined uith’Blue'Dextran'

2000 (Pharmacia) and KZI, respectively.

'Ion~exghangg;chroggtogrgggx;" DEAE-cellulose (Whafman

DES2 microgranular} pra2swollen) was eguilibrated according

~

to the manufacturer's instructions®® in starting buffer

0.005M TrisHCl, pHrB.Z, 8N urea‘and packed - under pressure

‘into a column 0.9 x 26 cm (HetalloglaSs lnc.,_Bos on, ﬂass)'

'7at,5°.fA thin slurry of DEAE- cellulose was prepared in 9.1 H‘

Tris\a}d\E}trated to pH 4 with HC1. This wis degassed under

t“g vacuum and ftitrated back  to pH 8.2 with solid Trls. The

slurry vas allowagd ‘to set*le in a graduated cyllnder for orej

hour and the superna

“,

ant (including tlnes) was aspirated.

The cellulose cake was resuspended in 0.J05 ™ TrisHCl,:pH

" .

8.2, allowed to settle, aud decaqted (repeat ed fhree times).

Thls cake .was stored at u°\ or up.to a week. Prior to ‘a

o chromatographlc experlment sufficlent.‘DEA“-*ellulose cakc

3

was resuSpended in 100 ml ot ‘the istartlng butfer at+ 49,

“alloued to . settle, and decanted (repeated twzca) bafore

i

packlng. Startlng buffer was pumped through the column un+ll_
the conduc*1v1t’ and pH ofn‘fhe in- g01ng aud ouf-comlng
butfersA were' equal. Proteln samples (5-7¢ mg dissolved .
and dlalyzed agalus* startlng buffer) ‘were pumpcd onto the

B
co;umn followed by 10 ml. startlng butfer. Elutlng buffer vas

)Qumped atg 20 ml/h from a’ closed“255 ml miXing flask

Jd vlth starting buffer) connectsd to an:open

reseryoir ot li%f.,ng buffer.:The' limiting butfer:- volumes

’~
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and sequence dere'usually:
. 0.1M TrisHCl, pH 8.2, 8M ur2a for 400 ml,
0.2M TrisHCl, pH 8.2, 8M ursa for 200 ml,

0.4M TrisHCl, pH 8.2, 8M urea for 100 ml,

and finally NaCl added a% a rate of 1 mole/l to the

mixing flask. : ‘ : . ‘.gy

Fractions Qeré collected by drop counting (75 drops =
4.1 ‘ml/tube) and conductivities read with a conductivity
bridge"(fSI Modelv31, Yéllbu, Springs’ instruments, . Yellow
Springs, Ohio). |

L

POLY ACRYLAMIDE GEL ELE"TPOPHORPSIS -Apolipop:oteins'

"Digc gel electrbphore;is‘(PAGE).ias'pétformed‘in'a tap
water cqoled BuChler apparatus_ (Buchler Insi:uﬁedts Div.,
Nuclear Chicagd‘jCQrp.; -Ebrf Lee, NJ). Gels were cast in
glaés tubés 5 x'75 mm»which héd been ’treated viﬁh a 0.5%
‘colutlon of Photo Flo 200 (Eastman Kodak Co., Rochester, NY)L
and dried. The ruaning gel was u? ‘mm and the stacklng gel 15
. mm long. ‘A buffnr system 51m11ar to thét of » Relsfeld and.

.Small?0 was used. Gel prepagatlon and comp051tlon was:

*T—(a+b)/m-1oo (%], C=b/ (a+b) 100 [%]; where as adrylamidﬁg,
_(g), b— Bis (g), m—‘volume of solution (ml).? _ '

4
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o
;solution),‘T#7.7%, C=2.4%%,

‘3 ml a+alyst solutlon containing 3.6 g anmonium

»persulphate/l in. water, freshly pnépared{

1.5 ml buffer containing 453.76 g Tris, 600 ml 1IN HCl,
6 ml TEMED  (N,® 1',N'-tetramethylethylenediamins, Eastman

38178)/1 in vateér, kept as’a stock sclution.

10.5 @l acrflaﬁide 'sblutionv.‘¢ontaining‘ 107.2  g-
acrylamide (Eastman #XSSéﬁ), 2,72 g Bis  (N,N'-
fmethyienebisacrylamide; Eastman' #8383) /1 ~in deionized 8Y
ufea, freshly-prepéred. | . o
\:hié miﬁturé vaS'degaSsed under.higﬁ'#acuum, prred_inio the -

and overlayed with a few millimetrés of watar.

erization was at rocm temperature tor 30 mirn.

q_9 ;_iuggerlL pH 6.55, T=2.2$, C=9.1%.

cétale* solutlon contalnlng 25 mg rlboflqv1n, C. 6_

g ammonium persulphate/l in. water.

0.5 ml bufter containing .111.5 4§ 7Tris, <540 al 1M
phosphoric acid, $ ml TEMED/1 in vater. '

7.5.  ml“ a¢ryléhide §blutibn . cortalnlng . 28.6 g

acrylamide, 2.73 g BlS/l in delonlzed 8M ursa.

-

After degasszng, pouring and Qverlaylnngith'water this 'gel

vas photopolymerized for 1 h.

o

Upper_(cathode)l buffer -- 0.054 Tris, 0.06M glycinme, ph

i



8.9, containing 0.3 mg bromophenol blue,l.
. [

Lower janodel butter -- 0. o6n 1IISHC1, pH 8.1.
. _ }-

100 ul of buffer solutlon contalnlng
ﬁ¢ T

vere made 20% 1n sucrose‘~and,uif not
g ‘ :

wolu+1on they. . were made BH in urea vlth
>

aﬁready in‘ ureef
solid urea (Ultrq-Pure #QHOOO 9200, Schwarz/uanu) | Samplesv-
were ~layered on top of the stacklng gei under cooled upper :
buffer and electrophoresed- at 2.5 mA/gel untll | the
brcnophenol blue traeklng dye Just reached the bortom of the"

‘gel, 1.5-2  h. After ,removal from the tube each gel was
\ : /
'-nlcCed in 5 ml flxlné solutlon (Sx trlchloroacetlc ac1d,z_5%

-

‘sulphosallcyllc écld) “and  o. 25 ml of a 1% solution of

e
Cocmassie Br}dllant Blue (C.I. No. u2660 3839630, Sigma) in

erhanol }ﬁ%s cdded - Gels - vwere stained overnlght " then

aestalned by gentle rock*ng in several changes ot the flxlng:

Qolutlon. Ihey could be stored indetinitely, in the ,dark in

- 7.ox-acetiC‘aq}d,~ | e ' R ')

Iy
Gels were arranged in- grooves cut into a slab of white
;ranslucent plastlc supported over a fluorescent 1amp and
photographed_on Polaroid Black & White Land Pack Film Type -

107 through a #56 Klett filter. v

"191' .  .:“* r .t{, o B N
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\gggacmmmmz GEL ELEC'T‘ROPHORESI ;g_éoom'g DODECYL

__________ ]

,,1nstead of,  urea Qolutlon. Gels were made u1th~T=10ﬁ:and“.

SULPHATE :Apollpoproteinsv

T g

The same system as for PAGE vas used with tne followlrge

~ kS

varratlons. -__'Lf R - ,.‘r Co &?@

\ : A

A 62' mn long runnlng gel was ‘used u1thout a stacklrg"

Qel "he acrylam:de so]utlon‘ vas made up Hlth o, 3%. SpS‘

2 . . ; 2

Tﬁ15$ by 1ncrea51rg .the amouutv'pt qcrylamlde ;ahd ‘Bisf-

R

‘proportlonately. ,SDS 1uas added to rhe upper buffer to a

:concentratron ‘of 0 2%. Samples ware prepared by m1x1ng 10 ul

[y

of protein solut1on (made up in 1% SDS ‘at a c'rcentratlon of

1 mg/ml) u1th'50 ul of'upper buffer, 20 mg su

',2°mercaptoethanol. Electrdphor%g;s was contirued until the

fbronophenol blue marker vas about 5. uu'fren “the bottoﬁ of

the "gel. After 'extrudlng the i?els tron thelr tubes the'
marker band vas stabbed q‘tb a pln dlpped in india- 1nk  The.:

stalnlng and destatblng solutlors ot Weber and Osborn72 were'

ose;and’S ul:

used but destalnlng was done»by sxtensive washing rather-j*

”,£hen electrophoretically. Relative mdbillties - were

| calCulated' by dividing the“measured‘7distance that " the

bromophenol blue band mﬂgrated by that which the protein

P

mlgrated. S
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_A;YTﬁCAL~GEL ISOELECTROFPOCUSSING :Plasma lipoproteins and
qulipoproteins
(. ' S~

~ The procedure - used for  iscelectrofocussing in

t
°

golYacryiamide geis uasvessentialiy the same for both native
Iipoproteins Land . apolipobroteine; only the staining
precedure differed,'A gel electrbfocussing; appdtatus H1$7_
_uith_‘plastic gel tubes 10 x 0.3 cm (MRA Corp., Boston'Méss)f
uas'ueed. Ampholwne was a ucx w/v solutxon, pE 3- 10“(LKB ;
Produkter AB; Bromma, Sweden). All solutlons except catalyst
ehave peen store% at yo for ﬂp to 6 nonths. ihe resultlng gel

.contains 2% carrler ampholytes vltb T= 3%, C= 2 6%. Solutlons '

were nlxed 1n the follovlnq order*

1.06 nl ac*ylal’ce éolution‘" CQetainihg 300 ;g-
actflamide.__S g 'Bis/l. with soae patehes\of Acryiamide,this
Solution_may requife ﬁp to one ,month;s storage ‘et; u6j iﬁv
vbrder to' yield gels. uhnch polynerwfe to aeconsietencyb

.corvenlent for handl‘ng.
1.00 m17TEnED“solution,containrng 2.3 ml TEMED/1.

4.00 ml-cétalyst solution - contalnlng 1.4 gu,ammoniuﬁ
-persulphate/l freshly prepared

0.54 i1 Ampholine;
1.08 51 glycerol.

c

‘3.22 mleuater.
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"This 'mixture was gulckly degassed and poured 1nto the gel

‘tubes covered at the lower end ¥ith Parafllm. After 4 h -

polymerization at room temperature the tubes were covered
with Parafllm and stored at u°v Best results vere ob*alned
it gels were made at least 24 h before us1ng. Just before an‘-

experlment the Paratllm was reuoved and the lower end of the
tube covered with fln . mesh dgauzel held in place Hlth a
rubber banc . Gel. tubes ‘were placed in  the apparatus

Jmaintained at ~ 39-¢o bp a circulatigj vater batd. The lower
~(andde) solutlon/was C. phcsphorlc ac1d acd the upper
'\(cathode) 0.02M sodium hydr011de. Gels were prefocussed forb
.30 mih at 0.5 mA/ael After prefocuSslng an equal volume Aof
sample. and a solutlon of 0.5 g sucro\e, C.2 ml Amahollne/ml
Lvere.mixed. 6 ul of this uas.layered on top of the gel under

!

15 ul of a solution ot C.2 g sucrose, 0.05 Bl Amrholine/ml.

,Z »

In the case of ‘natiue lipoproteins the 'sample was
either ‘EﬁTA' plasma . or - ultracehtrifugally?isolated

_plipoproteins.:

Apolipoproteln'samples were made up_iu‘butfer and about

5-15 ug.of protein applied to the gel.

Tsoelectrofocus51ng vas at 0. 5 mA/gel untll the‘voltaqe
'reached 400 V (anout 1 h) at whlch time the pouer supply uns
switched to constant’ voltage and the run contlnued for 18 h,
After partlal removal from the tubes ‘the lower 5 mu .of- the

gel uas -dipped in india’ ;nk to pernanently mark, thé anodzl

il



iy . v . . i
end.” Excess irk wd§>vashed off with water and gels extruded

with a pipette bulb iptoﬂfixing or staining solu¥ion.

For native‘lipoproteins the gels iefe_put di£eCtly into
a4 staining‘ solution. of ’Sudan Black B.73 This_sfaining
solution was prepared by dissolving 25%) mg-Suéan Black B in
TOV ml acefone and adding_?.S ml acetic acid, 40 ml’wager;
After stirring tor 30 mimn tbisf:yas centrituged to rémOQe
'.‘ﬁndissolved dye. and uséd within 12 h (urstable). Gels were.‘
staihed overniéht at room temperature énd destained by three
15 min washes in 10 ml ;of dcetone-acetic acid-water
(20;15;65, V/V/v).’_Phdtographic ‘tecopdé‘ vefe'kept'as for

PAGE but usirg a #62 Klett filter.

"Fér afolip0proteihs the:gelsitwefe"éxtrudei into 20%
: trlthdfoaéetic' acid and Qashed  fb: Sg;ﬁ with‘freQﬁeht‘
‘ changes tb remové-tbe’cartier ampholytés, whict are staihedf
by Coomassie Blﬁf; Gels were then stéined in the same spain'
as Qsed .tor_ PAGE-SDS and destained by uashihg'fin 20%
‘trichlofacetic acid. | | »
' Isoeiecttic- poinfs ;1pI)' of the ‘fccqsséd bands were |
determined by transvefsely' slicing ’tﬂé gel ;int61-3 nﬁ"
segments, eluting theSg fdr‘ 1‘yh uith, OQ5ffhi 'uafér,
‘determining the pH ana fihallf staining-thé segnénts. ' ,:

o
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_g.lE N HYDROLY§L§_5Apol;poproteins” '

ProteinS‘were'hydrolyzed in 1-2 ml 6K PCl ccnta'nlng 1

drop of  2- mercaptoethanol ‘OT 1n p- toluenesulpkonlc acid by
the method of Liu - and Cha?g." Hydroly51s was at 1100,
usually for 22 h, in 4sealed evacuated.pubes with known

amounts of norleucine presernt as internal standard. After

hydrolyeis ip .HCLl any - precipitate Wc = centrituged out arnd

'the hydrolycate transﬁerred to and d igd. or a <&otary tlash

feVaporator. l};i resldue after drylng ‘was dissolved  ¥n

ey

Sfarti@j; buffén, for  the amino eid ‘analyzer. . After
hydrolysis  in p-*oluenesu’:hoh < ac;(,fﬂ;he' pH of ‘he

hfdrolysate‘uaéaadjusted to that of the S‘=rtqng buffer w1+h

2 lrthlum hydroxlde and the sample appl;ed dlre:tly to tv
C lumn._v’ |

Stained protein bands lbola+ed by PAGE were hydrolyzea

in HCY: -by the:aeame' procedure. Gels vere first ,washed
'extehéivély ~in 7.5% acetlc acid to remove all clyc1ne (frcm
the’ PAGE upper burfer) and then sllces or gel contarn ng tkte

R

'de51red proteln ) band _'uere _ hydrolyzed 7s The.  ’gr.

_toluenesulphonlc ac1d method could not be uced tor PAGE . gels_

51nce_'rhe acrylamlde' dlssolved completely and produced a:

.eolurlon too v1scous to apply to the amino acid analy“er..3"

4 v
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AMINO ACID_ANALYSIS :Protein hydrolyzates

o

A single column Techricon Rmino Acid Autoanalyzer with

Chromobeads PR (Taechnicon InStrumentstorp., Chauncey,. NY)

was used with the 1ithium citrate buffer system of Pery et
al.?7® A more sen51t1ve and stable colour reagent was made up
of 18 g rlnhydrln v23 ml propionic acid, 25 ml 2H sodiuam

propionate and SCC ml ethylene glycol nonomethyl etlier/l:

and 0.004M hydrazine sulphate was used as a reducing :

‘reagent, ?7? Anino'acid'separation was improved (especially of
valine and cystine) by‘changing the buffer system of Perry

et ‘al. as follov5° Chamber 4 - 37 5 ml pH 2.680 buffer + 37.5

ml pH 3.80 buffer; Chamber 6 - 37.5 al pH 3.80 buffer + 37.5

g‘ml pH 6,10 butfer.

le f 

— e

§ MINAL_AL5L1§;§ :Apclipoproteins R l?

- Amino terminal deternwnatlon us*ng ‘the dancyl reactlont

"was_ performed acco*dlng to ray7° in 8M ureafsodlul

bicarbonate_:;and/or SDS—N-ethyImorpholine, sdblution. Thin

layer cnromatography 'wvas on polyamide sheats using ‘the

solvent sy§*em of Hartley.79

BRI
\ AR

Py

‘DFP 'SKA,' hlngton Blochemlcal Corp.. Freehold, Jy vasf

5

'“dope by the method of Anble*°° using. an~menzyne subStrate

.ratlo of - 1: 20 at 37° in 0. 2n N- ethylmorphollne acetate, pH*

8.5 with 1ncubat10ns up to S h; , _ . o
3 - ' SN -

Carboxv terminal analyels u51ng carboxypegildase A (COK
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ANTISERA_AND IMMONODIFFUSION :Apolipoproteins

Apolipoproteins isolated'.f by  .DERE-cellulose
chrométogrdphy Qere,'dissolved “in  0.2n frisHCl,--pHIB.Z;
0.072M NaDS to a concentratioh of '1. mg/mlf This solution
(9.6 ml) ° was emulsified  wi£h an;egual‘volume‘of Ffeund's

complete adjuvant (Difco labs., Dettoit, Mick) and injected

'subcutaneously at‘,multlg}e&§1tes on the backs and necks of

4-s pound male New 7eala1d Whlte laablts. TOP dayq later the
rabblts vere boosted with an 1n*ravanouq 1r3cctﬂon of 0.4 mll‘
of the same dntlgen solut*on contalnlng Lo ‘=d1uvant ‘Teng
days affer‘ boost1ng' *he rabblts were ble %%fr 1gera were

concentrated five  tinmes in a . Minicon- HacrOSoluth

Cohcentrator (Amlcon, Lexington, HasS).

’Double immunodiffusion by the Ouch ellony technlqueel

was perforned on glass mlcloscope slldes. Thes— slides were

evenly coated with 1.5 ml 0t " hot 1.5% agarose in 0.05M

‘Z’

barbltallbutfer, PH 8.6. Holes (3,mm diameter)'were' punched
N\ . O L .
in  the cooled agarbse and tllled ‘with 5 ul of antﬂgen

solution Or antiserums. lefu51or »uaé allcjed to continue

‘overnight or loh&%r’ in a humldlfled chamber. Slldes were

?

then placed 1n nornal sallne (0 85% NaCl) ovelnlght to leach

<

out unprecxpltated proteln and then in methanol:for 1_'thto

wvater- (45:10:45, v/v/v) for 5 min and desta'

remove salts. After drylng, slldes vere i_m ’sed 1n C 6%

Alido.SchVartz (C.I. No. 20470). in methanol acetlc ac1d°.L

;_ed ln several

.
C
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preserved by spraying with an acrylic' resin (LadetQﬂL;u
Nutritional Biochemicals, Cleveland, Ohio).,

SUBJECTS

—r—
1Y

Plasma samples were treated as described under
Preparative ’Ult*accntrlfugaeloﬁ and Agaroée Gel

plectropho*‘e51s ~and as summarlzed in Figure 1.

S A summary -of the 'plasma lipoprotein elect:dphoresis
'patterns, sexes,- ages,  serua cholesterol and trlglycer1d=
analyses and absence or. presence of xan*homas (where known)

at +he time of nresentatlon is shown in F*gure e
“.1

J.0'D., nale, age 23 has been extensively §Lpdfted in
the literature by dr. W.R. Hazzard, sHarborviev Medical'

~Certer, Seattle, Washington. 30 a2

J Kl., male, age ‘41 was diagnosed by and is a ‘patient
of Dr. J.A. Little, St. Michael's Hospltal, Toronto,

Ontario.:

E.Li., male, age-53 vas‘diagnosedvon alreferral eahple
after lipoprotein.'_eleeitophbreSis at Calgary Hedical
Laboratdries; Calgary, Alberta, showed “aa *broad-beta?
pattern. He _had‘.‘small tehdinous xauthomas‘ and wasb
oferweight.:Lipoprotein electrophofésiS'revealed a dlstlnct

' and‘ sepafaﬁe prebeta. bahd} This medlcal doctor was self-

treated and showed a nuch 1mproved llpid pattern Six.  wmoilths
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fasting EDTA plasma 4° overnight

y > créomy‘ lcyer
CHYLOMICRONS

saline
d=1-006 g/ml

.L'MQd B'

o N
. VLDL + Lipid ultracentrifugcticn-Soincol 2-652
. . Poor . Type 65 roter, 650C0 rpm,
Y preB S

( Putzs\mu 6-8 hrs =210° x 'g-min
resteres o
NORMAL i i I prorein) v
HDL? ' :

o frcm LPP AN I o

TYPE Il =R e sl
4 ‘ o =] tube slice = -
TpvioL 272 M
LDL+HDL
a + plasma protein 4

TYPE Il E l I

Figure 1. Procedure tor the 1dent:.t.l"at.Lon " of Type III

hyperlipoproteinemra by fpréparative ultrac:n*rltugatlon apd
. electrophoresis of p‘lasna lipoprcteins.



Figure*Z.’Plasma'1ipoprotein]electrophoresis in agarose gel,
stained with Sudan Black B. The upper electrépho:etogram of
each pair is EDTA plasma, the dlower is ultracentrifugé-
isolated VLDL dilated with lipid-poor plasma. Under the
electrophoretogram is the patient identification, -sex and
age (M=' male,. P= female), serum cholesterol (mg/10C ml1],
serum triglyceridas { mg/100° ml], and the presence . of
Xanthomas (xanth) at presentation, or medication at time of.
“sampling.- R b S : '
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after diagnosis. He has been lost to follow-up.

T.Aha, male, age 34 was dlagnascd on a rcfcrLal sample

aftur llpoproteln elnctrophore51s at the Royal Alexandra
'Hospltal <Edmonton, showed ' a ‘broad-beta' pattern. He had

~ tuberoeruptive xahthomas on'his'elbovs; the palms of his

hands and undér his toes. He had first noticed these abou“

four years pr9v1ously. He’ suttered some‘ehortness of breath

‘and, was ovcrwelght. Fastwng olasma (20 h after the last fat

'heal) contalned substan*lal amounts ot chvlomlcrons. 'Plasma,

'."iv ; ¢

.llpopro*eln electrophore51s produced & qeba;ate and dlSt nct
prebeta band. He has two young sons xhose_f'

normal and a younge:jbrother,who suftfered 2

 at age 28. T.An. had been a prote551owal football pla}er

ﬁntll his ‘Lat¢3 twentles and h’s first symp;oms (xanthomac)
.b°gan to -appear only atter hc ceased ragular exercise and
‘.bégan»to galn welght. He was freated w;th clotibrate and
§iven a dlet tor weighkt reductioh and maintenancevdesigﬁed
for Type II1.83 He. has been 1lost to folloﬁ—up kard his

response to treatment is not kncwn.

~

- J.Jo., male, age 65 vas dlagnased on a referral samp‘e_

after lipoprotein’ clectropnore51s at Vancouver General .

ld

IS

Hospital, Vancouver, BIltlSh Cclumbia, produaed a 'broad-

‘beta' pattern. He has large tuberous xanthcmas_‘on. the

4

extensor  surfaces ot his  elbows and ‘knees.-..He is

%

hypertensive, suffers intermittent claddication with a lack

of pulse in the snmall @rteries of botn legs, and has a

{
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[ ) ! ‘ ’
Severe dlmlnutlon of h1s renal reserve. His family history

('v

will b% dlscussed - under Results and Discussion - Pamily -

Studies.

9

A

H.Ri., female, age 55, sister‘of J.Jo. was diagnosed
. . r N h
upon screening ot that kindred. She had heer treated for
p0551ble anglna about 15 years ago. ‘She is overweight and
o . BN .

had notlced avreu small xanthomas on her elbows about nine

'"honths prior  to diagnosis. Plasma lipoprotein

: | o ' , .
electrophoresis Yielded a derse ftusion of the beta and

i

_ prebeta-regions. i . _

. n
& A

S De., male, age 5“ has prev1ously been studled 1n ‘+his

-"laboratorys* and vas orlglnally dlscove through rou+1n

llpld analySLS' at the Unlver51ty H05p1tal. He suffered a,‘

.myocardial rnfarctlon at age 4&. He has two or three small

xanthomas on his right elbow whlch have only appeared 51nce

' _diagnosis.«He is not overvelght. His fasting plaSma has

- always had a tairly thick .layer of chylomicrons after

irefrigeration overnight - and ulipoproteih.\,electrophoresis :
Coe - A

-

produces. a 'broad-beta' band wlth no clear cut band .in the”

prebeta region. There is often a pronounced streaklng from

~

" the beta regiorn back to the orlgln. He has two unaffected?

7 i

1normal sistefrs and a normal son. There is Lo famlly ~history

. of- dlabetes or heart dlsease although hlS mother may have

“+reatment wlth thyroxlne, clotlbrate, cholestyranlne and.-'

controlled diet. . '; R, SR o

had a stroke at age 79. Hls condltlon has been refractory to

3

';;5



J Ra., male,. age 10 has previously bee¢n reported in
brief.,2s He {Bresented with obesity, lipemla " retinalis, .
. ® . !. a

tuberoeruptife xanthomas on elbows, knees and ir the creases

of his buttocks. He was the only one of threse Type III

. / - o
patients |\ to also have ‘the nearil
. | .

-diagnosticse planar
xantzomae} in‘the creases ot his pelms arnd between his toes.
- Plasma lipoprotein electrophoresiswproduced a ‘'hroad-beta' .
band and a fairly distincn prebeta band. A-élucose tolerance
teSt was'normal Hls tamlly hlstory will be dl(cussed under

Results and qucu551on-~- Family Studies. His response to

)

?

dletaryéﬁggp atment alone  (loss or"excess weight and
maintenance), has . been 'reﬂarkable; - Tukerous xanthomas

rapidly -disappeared "and after elght month= +here vare only‘
‘'traces of. the planar xanthomas remcléihg. His plasma ~llpids
remaln at relatlvely normal levels although they are liable
_to suddnn 1ncreases, especially .ip ~the ‘summer when he_
sometimes.'indulges his fondness tfor icécr%am,‘Thié is in
akeeplng.with the frequemtly:notrced;:extreme jcerbohydrate

inducibility of the disease.? " S

-R.Ra;,-‘male, age 50;A father of J. Fa., vas aiagnosed
upon screenlng of that kindred. -He"ls‘of normilA ieight' aqd
.has '-noA:xanthomas.~<He hasrvdiabetes Vmellltds whlch is»
controlled by diet and Lolbutamlde; A remarkable prenomenon
occurS'_in R.Ra. when hls dlabetes is allowed to go out of

.control. HlS plasma lipoproteins 'then 'eaxe, on‘fa fairly™

typical- Type IV pattern and thers is no eviderce of beta-
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4'\

(' VLDL. Whet tolbutamide is . administered and his dlabetes
4 ér‘trolled béta-VLDL returns (Figure 2). Mthougn beta-VLDL

has been reported 2S a transient. phenomenon in uncontrolled

“a

dlabetwc ketoacidosislt jrs occurrence in R.Ra. seems to be

uite the opposite.
q _ pr

IS



RESULTS AND DISCUSSIORN

.

Extensive family Studies we:e-deneion fhe'kldd:eds of
‘J.Jo..and J.Ra.‘In thel accogpanying ;pédigreés the 1lipid
values glven\ for hypefllpoprouelnemlc éubjécts arelthose
ogserveqﬁbetore reatnent was begun. Members tor whom no
lipid Valges are given were not examired, but acbording to

interviews with others of the family, they were well,

Iﬁe-dpper limits of hérmal for serum ;=oles;érol [25C
mg/100 ml] and triglycerides {150 wg3/10¢ ml ) shbub in. the
.podlgrees may bc quastioned. These are the tentative normal.
‘ llmlts glvpp by *he 3n1vers~ty Hosp*tal Clinical Labora:pry

and are used hereo only as rough;gu:dellnes.

Serum lipid leveig‘are stroggly:age? and _soxfdePEndeﬁt
iand-l séfum 7triglyce§1des tend  to have' a log;normal
di#ﬁtibution. For COmparisoniftne upper normal limit (valué ’
éxceeded'_ﬁy SX Oof  the pépul@tion)vbaccordihg to variou§
pubLished studiesf 05;06 for cholesterol 'ranges vfromv 240
ng/100<‘nl  (Qale age 20-29, ief. 86) to 33C m3/100 ml (male
or female Sbe‘ SQsSQ,‘_rei. 7). The 'dpper limit for
iriglyderidesquanges fron 130 ng/100 nl-(male brrfemalé age.
20r29—fref 7. to 310 mg/100 al (male age u0-ug, réf. ‘B6y.'
Thus the upper llmlt values ot ’50 ng/100 wnl for cholesterol
“and 150 ®g/100 ml for trlglycer1d= @re about the ;_ §§ of
estimates provaded by large population -*udies.

BN



'Compoundlng the problem of deciding cut-off limits - for

Cod

'normallty' .are' n 51gn1f1cant variations betueen”
' q*",/

dlfferent analytlcal ‘methods commonly used; (2) day to d Y

-,
B

' varlatlons in  ssrunm 11p1d levels of the 1nd1v1dual aﬁd a

-marked effact of diet whlch is not completely negated uy a

12 -14 h fast-' (3) lack of adequate’ ~analytical coﬂtrol

material, especially ‘as regards trlglycerldes~ wye

coefficient of 'variation of +the . analytlcal lethodsf

for these reasons the rredrlckson typ*ng sﬁstem has notv-
wbeen st 1c*ly adhered to and members of these pedlgrees have»
only been 'Typed' 1f thelr llpld or llpoprote’n levels were
strlklngly abnornal All plasma samples were ashecked for_

bata-VLDL by ' ultracentrlrugation and agarose
elestr0phoresis.
. , , ,

J.Jo. kindred, (Flg. 3) The father (I- 1) ot J.Jo. was

]

esSentially wall all.»his llfe. The qpther (I 2) ‘had had
hYpertension-for'many years. Attempts at rellev1ng ‘her hlgh'
bloodfpressure reSulted in. syncopal attacks. A sister (II-3)
die& at 'age 'ué of a heart attack after a long hlstory of -

angrna and hyperten51on. The " brother (I1- 7) 1s well. There
o )

is onby ~one cer*aln Iype IV in tne tamlly (III 7) but the
d/>

ted (TI- 2, 111_6,8,11,12);

»11p1 levels of a few others are upper normal‘ orv sllghtly-

1,

terest but uncertaln SIgnlflcance 1s a comparlson'

of the llpld levels of the chlldren of’ J. Jo. (II-1) andv
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Figqure 3. Pedlgree of the J. Jo.-klndred.
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the propoeltus. Deceased meEmbers are mark

€d with a Cross,
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those of H.Ri. (II-Q):“ and of the children of III-6 and
those “of his .Type IV brother (111_7);' Ihls- apparert
similarity of lipid values aneng siblings nay,'of course,‘be
due to familial factors cther than genetics, such as eatihg
habits or ¢onscientiOue adherence tb instructiens requestirng

a 12-14 h fast nefore blood was drauh.

The-pediéree of*J.Jo. is compatible vith any §§¢ the
-formas. of inheritance suggeeted by Fredrlckcon'and Levy? for
the Type III dlsordcr. Howaver, there appears to be a lower
;nc1dence of _Type Iv thanjthey rebort 1n.theirllar§er Type

IIX kindreds.

J.Ra. hindredig(Pig. 4) The paternai érandparentS‘ (I-.

1,2 vere relatively well all their lives and did not die of

heart disease., Maternal grandparents (I-3 «4) .0on +he other

hand both suffer(ed) heart trouble. Unfortunately llttle is\»

known of the llpld status of the three uncles (II 1,2,3) who

dled of heartlﬂlsease._Cne of the paternal aurts (IT 5) has

..-o-\)
hyperten51on, Qhe oth-r (II u) 1s well, Thevproband's father

(R.Ra., LI 6) is 9dlab£tlé fand_ d;splays ‘the Type YIII-'
"lipoprotein ‘dlsorder- vhen-his_diabetes ic cortrolled (Fig.
.2) . The youngest maternal uncle (not shown on the pedlgree'

in’~ Fig. 4) dled of "rheulatlc heart dlsease“ at age 11 y,:l

The- genetic defect for hypercholesterolella*1 (Type - I

‘hyperllpoprotelnenla) is preseut 1n the laternal 51de of the.,f

famlly. The donlnant 'noﬁe *ff inher1 ance of Type Ir 1s

v

Q

1llus+rated by a conparlson of a naternal uncle (II-12) Jand
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. 3 .
his son (III-3) both of whom have elevated cholesterol, low.

normal trlglycerldes and an - elevated betafLDL on

'electrophore51s. As " well as two definite cases of Type IT

(Il‘10 and II-12) nearly all. the -aunts and 'uncles havé

elther elevatad or u@por normal_serum'lipids;

\ .

It could "bg hypothe51zed that ‘the  unique early
appea;ance of the Type III dlso*der in J. Ra. irdicates - that
he 1nher1ted an‘llp0prote1n abnormality - from each of his

parents:'Tyﬁe III‘from=his father,' and Typo II from' his

mother. The J-Ra? podigree ‘15 compatible with a donlnant'
mcde of 1nh°r1tarc= of th= Type III mutation. It the '*hree  
‘paternal uncles vho -died of hearu dlseace at ages 57 ‘52,

and 38 also had tho Type IIT abnormallty the mutation seens_

*/

to nave-takeqﬁaﬁpartlcularly virulent forn'in thlsvfamily,
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DIAGNOSTIC_ METHCDS

Lipoprotein elecg QQ §;

-;g major problem 1n.laboratory dlagPOSlS of Iype IIT by
'eleoeropho*etlc demonstration of = beta-VLDL is © thke
varlablllty ot algratlon ot llpOQ;OtEln compcnents. In the
course of perfcrmlng llpoproteln electropho;eses In the
rouiine;-cllnlcal. laboégtory vitf nasy been observed ”tﬁat
freshly'dra;;'speciﬁens often peoduce sllghtly dlfferent
pat*etns from samples that have been stored tor a day or Fvo
at 49, SamoleQ vhlch have .come by post ‘m2y have besn eXPOSCG
to . extrenes of heat of.~cold -and,sometimes produce yerf
,fpeculiar artitacts. It was round thatlfne'isolated.fractions
of VLDL often mlgrated at different rates then did the VLDL
'in . the naolve plasma. Hence, comparlson of mlgratlon rates
‘Jln 1solated fracelons was tquuently a complex atfalr, often
requiring a number of elecurophorzgesa or even' isolations
from: sepa*ate plasmabsamples beﬁgne coming to e reqsonableﬂ
-conrlu51on Iegardlng gresence or* absence. of an'xabnormale

component. ' _
&
o Comégghdihg- the problem is the presence, in suspect
specimens of vety ehigﬁn Iipoprotein _conoentrations ~which
. - . . S - ' E ' N
. produce such' 1large dense bands that Separation of species

‘nayvbe unear. Sanples from some suspect Type III subjects

,have contalned vhat ‘are. apparently very large VLDL partlcles
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..

. interpretation.

ug8

which are snall enough to entar the gel but are subject to
SO much 31ev1ng that they produce "heavy streaking bétween

bands 'and eaver back to the orlgin,' turther confusing

Dilution of samplos Hlth saline aileviated the problems
of hﬁgh concentratlon and streaking but not the varlable and

unpredlctable mlgratlon ot 1solated fractlons. It was found

that dilution with llpld poor plasaa (to- testonggpiasmé_

'proteins) usually resulted in a migration behaviour of

©in LPP could be used as - ”referencetmnarker, ang relatlve

”isolated,,fraétions wvhich was very similar to thatsof the
native . plasma :sauple.- Addition‘ of LPP had the - added

,advantage that th=2 small amount of alpha-mlgratlng materlal

3 AN
bu ‘ '
mlguatlon rates determlned from
1’4‘ R
o %, ¥

1solated VLDL appeared *o be m’gratlnglprebeta wheﬁzﬁompared

to the electrophoratogram of the whole plasma, thls could he -

»gulﬂkly conflrmed or con*radlcted by »‘compar ng the

mlguatlons df *he alpha material rn the tvo strlps

; IR
4 Ly

R L
o

b G .
[V 2'

- By u51ng LPP as a dlluent it was tound that ﬁaog@nagrly
9 at

all Type 11 spec1nens, isolated: VLDL produced tvwo separate»

'band. distinct ‘bands, one ‘bet§-k and the other prebéta-d

migrating (Fig. 2).d

~y
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Analytical ultracentrifugation

Itu. vas prev10usly notéd  that the analyrlcal

ultracentr fugation procedure used at ‘the _ Donner

-~

LabOratory33 .gives a falrly rellable dlagnos1s of Type iII,

but because of its complex ty iz is impractical 'f0r most
. “E - .

cllnlcal laborat0r1es.. It was found, however, when vhole

plasma uas ralsed to a dens;ty of 1.27 g/ml -with KBr (a o

den51ty. at - uhrch all llpopro 2ins float falrly -aprdly in
,the ultracentrlfuge) a dlstrre*lve'blmodal peak (Fig. 5) was
.observed in the case ot both treated and untreated Type 'III
samples. Unfortunately ,no.sinple quantitative limits ceuld
be established‘ tor the "flotation. rates of ‘the . peaks.

Flotation rates tor “+thesse ' peaks and"those;'observed in

samples frcm normal, Type II anrd Type IV samples are given

farn

in ‘Table 2. These rates are uncorrected ard - it is -

conceivable that. with caretul densitv and_concentrétiqn

. . . . . . ‘ ‘)‘-_, .
‘corrections scme sort of guantltatlve criteriz could béﬁg_

tderlved uhlch uould be dlagnostlc of Type *Ii%iﬁawever, this
:vould agairn have p;*' the method 'ehtx ef reach of mos:'
.cllnlcal labgratorles. -n any case:)*he blmadal peak has sq
far been seen only in otheru1se nroven cases of rype I
Thls pattern was obtalned with sauples rron ell threated
Type IIT subjects (o= 5). Tréated r&p;‘ iII -cases ‘gavei
 var1ab1e results (5 p051e1ve, 3 negatlve). and ail ‘sampies

- from ,_norlal subjects and' those, wirh_ Otheir types of

hyperlipoproteinemia (n=10) were negataive. The ‘method is



Table 2. Analytical ultracentrifugation or 1 ml EDTA plasma .
+ 0.41 g KBr (final density = 1.27 g/ml) 2t 209, 44,CGO TpE.
-S -values are = negative . sedimentation-coefficients
uncorrected  for '~ concentration .ettects. Major peaks are
starred (*). '

Sample : : » .+ =S5, 209, d=1.27 g/ml -

Typs TIITTTTTTTTTTC SeF IR TS T T T T

Type III 4= 33= 23 4=

Type IIX . T6% 5C* 27 v 4x

Type III ' 51% 33% ' Y.

Type III - Bue . 34 I*

Type IIX o : 4g* 33= H ‘ 3*

Type II . sz 35% ux

Type IV 1205 47 28% 3+

Normal _ - . 36% 21 5* '

Normal ‘ U - 28%* S Ux

Normal - _ . 52= " 36° o 5%

Normal 93 29* 21 ax §
w ’w o . . ) . ) . ) . .




simple, fast and available to anyone with acc2ss to an

PR

analytical ultracentrifuge.

isoelectrofocussing

/

Isoelectrofocussing is a relatively new technique which

-1s rapidly becoming widely used both‘as a preparatiue vand
analytical tool for';separatiné' proteins *on the basis of

differences in their isoelectric ‘poinrs, Preparative
‘isoelectrofocu551ng is uosr commonly done 1in sucrose density

gradients and analytical focussing in polyacrylamide3gel.

Irkwaﬁﬁthoughr that,preparative focuSSinQﬂI-might be zn
~approach to isolatiné fairly large quantities of Type IIT
kgbeta4VLDL and to this end it was tried on isolated
fiipoprotein fractions. This approach was explored both 1n“

sucrose—vater and sucrose e+hylene glycol-warer solutlons°°
‘using various concengratlons, column loadlng procedures and

(Y
focussing times.®9 a1l proved unsa+1sfac§3ry.“_rhe chief

»problem ‘was that durlng the ‘final stages of focuss1rg
: &

preclpltatlon and subseguen+ flocculatlon occurred when any'

useful amounts of llpoproteln .were applied to the column.
@&Since, however, fhe‘ behaviour of 'Type ZII  VLDL durlng
preparatlve focu551ng appeared to be somevhat dlfterent than.
tha+ of normal or Type IV VLDL, the method was pursued on an
analytlcal ‘scale in polyacrylamlde geis. In a gel medlum'
prec1p1tat10n was not a problem since once focussed, even 1f

gl

prec1p1ta+1on occurred, the llpoprotelns remained 1n sharply‘

o
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13

defined bands.

Kostner et al.?° . have ‘reported ~ a method  for
iscelectrofocusing of lipoproteins in polyacrylamide gel;

"Vgﬁhﬁir results, hOwever, are nct comparable to those reported
. PR

'revslnce they sed a Drestalnlng method 1n ihich their

a

dWsta;n and’gels contained 33% ethylene glycol, and their gels

‘were 5% .acrylamids.

- e

)
A great.*heterogeneity‘ of position and dansity was
‘obsarved - ~in . the stained lipoprotein  bands  of

isoeleetrofbcussed EDIA’ plasma from ﬁormall and abnormal
’:subjects (Flg.»6) on the other ‘hand, »Type ITT ”speoihens

prodgcedv'a. 51ngle, dernse 'band in the y@;er region of tke

gel, (Fig; Iy;‘Thls,band has a measured. pI S.44 (range 5.38-

S,ua). A 51m11ar pattern was produced by spec1mers from six

-Iype rIiT- patlerts dlagnosed in this laboratory and one known

Type III sample sent trom Toronto by ordlnary mail (from Dr.
J.A. ;Ie); |

‘With @he cos operatlon of Dr. H. R. Hazzard (North Hest
: ﬁ N _ |
L1p1d Research Cllnlc, Seattle) a bllnd s*udy was ‘Sgne to

v

.assess ,tﬁé method. Plasma Sp=c1mens from 20 patlents were
» mailed from Se<“ > (at ahblent temperatur arrrvrng two to"
zgthree d&ys aft sting) in ‘several batches, identified
only‘ by sample numbers. All. of the patients were prev1o&sly

known to, and had been 'typed' in, that 1aboratory. Part of

each salple was retalned by Dr. Hazzard and subjected to a
: . _ #

»
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Figare 6. Analytlcal 1soelec*rofocu551ng (pi 3-10 Amphollne)
Ihjpolyacrylaulde gels, of plasma lipoproteins. 3 ul of EDTA
plasma {or isolated fraction) was applied to each gel. The
focussed lipoproteins were stained with Sudan EBlack B.
(1) T.ype 1IV; (2) Type 1IV; (3) Type III; (4) Type III VLDIL;
(5)Iype ITI + Type III VLDL- (6) Type ITIa; (7)Rormal; (8) Type
IIk. The pH renge of the gels was from about pH 4 (anode) to
PH 8- (cathode), with the prominent band of the Type Itz
specimen at pH S.44. The gels were run 51multaneou>ly

N figure 7. Analytlcal 1soelectrofocu551ng in polyacrylamide
gels, of EDTA plasea from -various Type III subjects.
» Conditions are the -ame as in Fig. 6. ‘ '



routine analytical procedﬂﬁéﬁ ‘ (ultracéﬂtrifugal

P

. . . W . '
fractionation, cholesterol and triglyceride analysis,

1ipoprotein electrophorcs1s on agarose and polyacrylamide

gel). .

All samples were isoelectrofocussed in this Laboratory

and the interpretation sent to Dr.‘' Hazzard. Re  © had

-~
cla<51f1ed the Subjects as Types IIa(n 1M e I

IIY(n= 7), xV(n S) and ncrmal (n= 2). Six gave a pattern 1like

these in Flg..? and were reporfed (correctly) &2s Type Illgby
- o/ E

the -1soelecttofccns$ing method. A seventh] Typé - ITII was

missed -- the sample produced'a sharp dense bard in the same
region as other Type 1III specimens glus another fairly
-prominent_‘band in  the upper part of the. gel. ThlS patiernt

was,being treated vlth Ltrowid(2g/4), _had_ a nor.al Serumf'

' cholesterol {1€3 mq/1COml), moderately elevated serunm

tri;lycerxdes (226 ng/ml) , and agarosev‘ lipoprotein .

eléCtrophoresis‘ Showing wmuch 'more ,prebeté- wthan beta-
migrating naterlal (the sample did, however, give a Type IIT

patterngpy the analytical ultracentrique method described

0 .
above) . I

Althodgh a greaL var¢ety of patterns was seen with.the
1soelectrofoqn<51ng method,. renarkable similarlty often

occurred . with sanples trom first degree relatives. This was

noticed amcrg members of the J.Jo. . kindred v@ete siblings

were sometimes Seen ~to be similar. to one another but

difterent frdn,thelr'parents; Or on2 parent énd some, but

Ib(p=5),{
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3
not all, 1siblings mould be nearly the saqe,'In'the blind
study, tvo'Type IV first-degree relatives of a Type III

J_patiedt gave patternsl;uhith*“ere reniniscent,dt Type IIi

i.e., had a well gefined‘bénd at the same~pdsition that
‘ . P A .
- of Type IIT. However, this wvas not .as dense as tuat of Type

IIi,.and_ofher prominent rands were seen 1in the’_upper_ part
'oflfhe.gél. uore;extenSive'étudiés ate required but ‘there is
. a s%rong,, vsuggesfion , hége _ °tﬂgt -agalYtical gel
iscelectrofocussing is sensitive tpagénetiéczﬁariations  36t

seen by any other available lipoprotein analytical method.

-~

Thas ”methéd . appears to beb a fal*lYiigéurateAuay of
. - -t [
: . /.

‘detecting Type III. It has the zdvantages of not reguiring

preparative ultracentrifugation or very expehsive‘apparatus.
.The amount of sample usead is suall"and does not need speciel
handling (samples gave a reproducible pattern, with little

deterioration,,ove; a period of two weak's storage at 49 and

.' : ‘ s W .
.several days at room temperature). -Disadventages .are that

\ "1

gels are fragile and not easily~ s%pred aft r’stafhing.
Focussed, staired bandscdittuséd and changed coZour fairly

rapidly élthough gels‘ couidkfﬁe kept aboﬁt tubﬂdaYs (for
rQ . . .

-

comparison with other runs) in just enough vatei. to keep.

3

them wet. Permanent records must be in the form of

p@otogtaphs or possibly, with an éppropriatef apparatus, aé"

densitometric scans.

. -

b

Y



APCLIPOPROTEINS CF_TYPE III VLDL

It was recognized atlt'he_;beginning of this vorl& that..
'fhe most wvalid appro;ch to: deteriining the  presence or
abéence’-of' én époprotein'varfation‘in'TYPe IIT would be to .
separatély examine ‘VLDL/"Tréct;ons ggﬁgg they had 5een_i
. sepﬁrated‘into beta- anad prebeta—migrétigg speci;s.'httempfs
to do this byv“starch and\.Pevjkcn”block electrophofeSis
failed %ov prov1§§  Larc: enough .guantities_ fcr detailed
anal yses (VLDL is orly é%out 10% pro*ein by ggj Heiqhﬁ).
'Fractionation bffp:eparative 150e1ectroto¢ussing was also
unsucceésfulf’ (see ReSultg' énd Dis¢u551pn - Diagnostic
Methods) . o B

.In a number of.Type’ III samples examined A

om

ra, thre

major portion ot VLDL was the be*a—mlgratlng specizs (Flg. 2

-

ana 4Table~.3), so °f/forts .to s= pa;ata the twd cPec1cs ucra

-

abandoned and apoproteln preparatlons were made- from - the
~mltracentrltuge-lsolated total-VLBL. Ot course, the final

' apollpoproteln prepcratlonc ccntalned a mxrxture ot protéins'
. - N . _").;
derived fronf toth thelibetae and prebeta~VLDL but ; the

g 4 , . ) -
contributicn of prabeta-VLDL was relatively small.

Other laboratbries have ' taported _.a  reasonably .
'consistént- and characterls~§g oattern unen normal prebeta-
‘ ~ v .
VLDL apoprotelns are run omn PAGE. G*ea:er\peterogenelty has

2

been p01nted cut in scae reports’z sz 91 but all Seem agreed

that the bands shown injﬁig; Ba are.the major ones. Cne of .
B A L
NG : .
EaR

Ll ~
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Lo 1ablé 3 Proportlon of VLDL, from Type III subjects, which -
qj;"°Ls obeta -migrating. Calcunlated from densitometric scans of
: .agarose elactropbo“etograms ‘of ultracentrifuge-isolated VLEL
 %;A shpun An, Flg. 2. cu o : '

Jn e "___.‘.\.. - — -_ 2 - ———
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R oy —_——— o . y - - - —
h P - -
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. ' v
the problems encountered in studylng the fnew" proteirs
found in +his laporatory’ ip Type I11 apo-VLDLS* vas that
~they mlgrated on PAGE in the same.area of the gel ‘as’ apolp;
Ser. This dlfflculty ‘Was overcoae . by lowerlng the gel
concentration and'changing the buffer' System;: sllghtly so
_ rhat apolp-Ser did né+ enter the running gel-in the *1me
required ' tc. complete tbe electrophore51s, (Fig. 8b). The .
result's of PAGE runs "of ‘apo-vIDL from ‘varioas Type lill,f
samples are shown in .Fig. é. The idenrities ofbtge{bahds
:were confirmed by SllCng out ‘the sta’ned ,pro eln and
,determlnlng amlno ac1d comp051rlo“. Th= group of bamds.uhich:
are. a major: component in. Type ‘IILi apo-VLDL-(the;'nev'
_profelns) proved to have ;h ,amino aciqifcomposirpni-most
51m11ar> to the ,arginine—ricnaprotein-(to‘be called’apoLp-
'Arg rich:* hereafter) fou"d by Shore and Shore®2 inluDEAEf
cellulosel fractionated .apo-VLDL from "hyperlipemic.serumﬁ
. o , , - ~

(Fig. 9, Table u) : T s

- . i . ' , IJ

K

Hhen,lthe apoproteins trom Typt IV or gPrmalﬁgotal VLDL -
~ . g . R 3 -

' o . IR
(all of which wWas ' prebeta-VLDL)  were fractlonated on

'Sephaéex G2G0O an elution'profile‘simllar to that:reported by
Brownb et al ?5 Wwas seen‘ (Fﬂg.‘ 16) Accordlng to  the
conventlon ot those workers major Deaks will be %called SFl
"(atr the void volume, Vo, cont 1n;.ng mostly apoLp B) and S“’v
(the second major peak contalnlng the apo-C plotelrs). mhey -

also named fhe very small peak and plateau .reglon-‘betyeen

these large peaks SFZ A number of preparations from varioﬁs_



| ©
stacking éol " ’
L | t:i.___ounjﬁa.___lr |
(™ ~——opoLp-Ser_/ _jmmm _group of major
‘ ‘ apoproteins in
‘ ' : | Typen viDL
“ Q -— opovli_p—slu — ‘
running gel J e o GpOLp-Alal ___,
] T opoLp-Ala2 _—~
of | gy
L @®
a b
?iéure 8. Behav16ﬁr" of apoproteins ( of VLDL uéon

polyacrylamide disc gel electrophore51s in urea. (a) As mbst
authors report  them. (b) As they appear using the system
:eported here. Note that apoLp-B, Glu, alail,. ard Ala2 have

4

the same behaviour but that in this work apoLr-Ser does‘not .

enter the rurnlrg gel.”

[t ! . ?
: .

Figure 9. Polyaérflauidé géi'electrophoresis in.GH ~urea of

the apoproteins of 'Type III VLDL.
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Table 4. Amino acfd comp051t10n of stained protein from PAGE
of Type IIX apo-VLDL in moles/1000 wmoles of amino acids.
Column headings (B- 1,;8 2, etc.), refer +o numbered bandd in
Fig. 9.. Column headlpgs naming the protein refer to the
composition as reported ip cf recalculated from data given
- in the respective refercnces. {-r) -trace, (-) not done.

——

——— — -— ——

Arg 12

-

Amino apolp- ~.apolLp- : apoLp—
acid . B-1  Sere%s B-2° Bo3 . B-3 B-4 B-5 ARrg rich9e
‘Asp 90 88 705 166 T8 595G u8
Thr 43 53 .60 64 39 15 38 38"
Ser. 127 23 72 82 © 527 58 50 54
Glu 161 158 128 124 214 250 230. 232
Pro 15. 1€ 33 38 42 31 28 27
Gly 35 - .18 50 . 48 76 177 713 .58
Ala 51 53 0 ., 61 87 100 1¢1 108 -
val = 33 35 56 61 70 79 71- . 68 - )
Cys  O© o tr 7 0 0 c = C '
Met 14 18 _16. 17 19 17. 18 24
- Ile - u8 €3 . s8 61 22 19 12 13
Leu 100 105 120 118 124 119 123 109
Tyr 3 ¢ 31 30 17 17 14 14
Phe 49 53 50 53 20 18 14 1w
Trp - 18 - 6 - - - 28
Lyst  15¢C 158 84 . €7 36 38 38° usg
His 0 e 25 .25 19 11 \9 137
Arg 58 S3 W 2. 103 93 130 106
_ apoLp—‘ o ’ apolp—
B-6 Giust | B-7 B-8 - Alass
Asp 70 67 - %6 91 89 x
Thr 103 10e 63 69 &3 : '
Ser 123 122 135 127 139
~ Glu 174 188 1320 136 127
.Pro .46 - . 5¢C - 33.. 28 25 ) R -
. 6ly 27 . 3¢ . - 47 . 53 38 o o
Ala 89 93 138 13C. 127 o '»-\rg'
ovVal 57 .52 w81 - 770 T8 U : :
Cys 0 ‘... ¢ v "0
- Met k14 25 . 271 23 25
Ile 9 M, . 0 0 9
Leu 106 107 - 13 67 63
‘Tyr - 51 EC Jo24 026 [ 25
©_Phe 33 27 60 48 51
Tep. -~ ¢ - Co- - 38
Lys. « 72, 53 79 80 76
‘His o ¢ '15V,.18 13 .
9 2729 25
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TYPE IV

/‘__'J 1 [
75 105 135 165
TUBE NUMBER

.
—-—

iS5 225

Figure 1C0.- Gel filtration chromatography of Type IV VLDL'
apoproteins on Sephadex G200 ir 0.2M TrisHCl,:pH 8.2, 0.C02M
NaDS. 1.=Vo= -elutior volume of Blue Dextran S 2000, 2,=vt=
elution voliume of KI. ' : . : DR

3



»vFigs. 2 and@ 11 ard Table 3). = . . .
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~Typs IV ﬁg;d normal Samples. yielded‘vpatterns'uhiéhvuere
remarkably similar to Pig. 10, with a protein ratio SF1/SF3

in he range (0.S5-GC.7. Hhen,' on +he other hand, the

apo ins cf Type III total-  VLDL (vhich were moé:ly from
ebeta-VLDL) 'uére run, quite a difterent profile resulted
(Fig. 11). Two striking dlfferences iere noted: -
t : o S .
(1) the SF1/SP3 ratio in Type TI’ samples ranged from
-0.8-1.7, reflectlng the i1ncreased amoun; of apoLp-B in beta-

*

VLDL,5S

(2)the présence of a 'shoulder® oﬁ the SF1 peak the

rela*lva size of whlch appeared to corrclate with the amgunt:f

6f beta =VLDL . in - the - sanmple, (compare J‘O D. and T.An. in

The runs shown in Fig. 11 were done ﬁon‘-gel columns
.vhich had »been pccked a* dlfteren* ‘1nes with va*ylng bed

'volumes, hence the varylng tube numbers (absc¢¢sa), hovever,

V 5calculated Ka* values for ‘he peaks were ve:yvsimilar. When

b v

<

#

r the- "shoulder', was pooled; dialyzegd, lyophilized

R
s .

redvssolved and rerun ~on  the column it caame off  as-

i_separate -peak u*th ‘tke same elution volume. When run on a

«-column vhlch had been callb ated~‘with »standardsi.of known

[N
o

o . A A ,
;uoiecqlqr_,ve;ghts the;'shoulder' gave an apparernt molecular
*Kd—(Ve VO)/(vt VO), uhere Ve‘ elution voldme of 'subStance
"in gquestion; Vo= elution  ‘volume of a completely excluded

molecule; V=" elution volume of a ~completely included
"molecula. K4 is an exﬁonentlal tunction of the molecular -

',radlus of the eluted substance.9°
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Figure 11. Gel filtrat;on'ghrona:ogEéphy4of fype_.III,JJLDL
apoprotsins. See Fig. 1¢ for corditioms. R '

'
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Ribonuclease A )

K

150L o
Chymotrypsinogen A -

SF 3 Ovalbumin

TUBE NUMBER (2.2 mi/tube)
o .
o

&

T 1

Aldolase

Alcohol dehydrogenase

Catalase
~ .

X "Shoul‘de'r"—-v;-: ~

o o sole a1

Le
s

'Figure 12. Elution behaviour of Type

volumes ot KI and Blue Dextran 2000

¢

¥ 2 3 4 5 6 7894
~ 'MOLECULAR WEIGHT

~ III VLDL apoproteirs
apd mclecular weight standards trom Sephadex G206C in C.2M
TraisHCl, pH 8.2, C€.Q02M NadS. SP1, SF3 and 'Shoulder’
to = the elution protile in Fig.13. Vt and Vp are the:elution

respectively.

refer -
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veight of approxii. =21y 300,000 (Fig. 12). The SF1 peak
(apoln-B) alwavs =-_uted atv the ‘void volunme - 1ndicatrng‘
:ggregatron {ex*tersive molecilar waight determinatiens by
other metho"s :-n a -number of laboratories aave yielded
estimatas bstws 250,000 and 25,60097). The SF3 peak
zlutior volune Jorreﬁpondea to an apéarent molecular weight
L5,000-50 . This again probably 'reflects agéregation
since the known ‘molecular welghts (Tablei ﬁf? of rhev
.apoarotelns in SF3 (apoLp Ser, chLp Glu, apoLp Ala) are all
 <10 OOO. The NIH group have reported the‘_SPB peak at a
greater elution vvolume°* 98‘ (equlvalent to a molecular'
weight 25 600-3C,000) whereas previous more detalled work in
this laboratorys‘ gave results very similart to those:'
;reparred- here - The Leason for thisidifference-is nof'known.
In aay case the apparent 'large melecular uelght of the
;shoulder' is probably due to aggregatlon, a phen)menon seen

with all ‘ths o*her VLDL apolipoproteins in d11u+e NaDS or

SDs buffers at sllghtly alkallne pH.

Protein ‘recovaries as measured ,by absorbarnce at 280 nn

Wer

[{H]

'alvays about 100%. ' o | _ L '

Electroohoreseq‘ by PAGE of Type IIT total-VLDL
apoorotelna ‘eluted from Sephadex GZOO 1nd1cated ‘that . apoLp-
YArg rlch' vas eluted in two fractlons (Plgs. 13 and 1&). It
appeared first ot; all in the 'shoulder' and then again on
the leadlnq edge of SF3 Theregyas also anr electrophoretlc.

dlfference betue\e these forams of . apoLp—'Arg rich' in that

LN

o
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Figure - 13. Gel filtration chromatogLaphy of Typ= TII VLDL
apoprot2ins. See Fig. 17 tor conditions.

‘5"59}
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"-“am.‘

RN A : . ,
.'r.:“., \ ) . : \ o
Figure 14, Polyacrylamide disc ‘gel . electrophoresis of
equivolume samples fronm tractions elutead during Sephadex
‘chromatography of Type III VLDL apopro;elns. Numbers refer
to tube numbers in Fig. 13. , - - :
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the SF3 form mlgrabed shaghtly faster bhan the major bands

of +the 'shoulde*' form. fﬁ L o '6~'m
oy B

e
o . e ‘ )
Prebeta~VBDL apoproteins from some Tyge‘IV.samples when

run by"Paqﬁﬂalso gave_fairly'proninent badds*infthe apolLp-

'Arg rich* region; 'but: when . these ‘same samplcs - Were

,,:

usﬁbjected' to gal flltratlon all the apoLp-'Afg i’ch' came

PR

off ip the sacond p051t10n (leadlng edge of SF3).

/It seams then that apolp-'Arg rich' is no% unique ’ to

Type IXII VLDL but: )

(1) - there are increased amounts of it pres%nt in this
. disorder ~ compared  to normal or = other " types  of
hypsrlipoproteinemic VLDL,

4

.(2) - mauch of ' this ' increéase  is accounted for by the
speciéé which;have a smaller partition coefficieht.»(i.e.
‘larger épparent moletular - weight) when isolated under the

conditions outlined here.

The incfeased aqéﬁntsvoﬁ’apoLp-'Arg_rich' in Type‘;IIT
VLDL kLas recehtly been éonfirmed by Havei aﬁdvxane;9?.Theyf
used'.a ‘*aéhniqué de;élobed' in their laborqtqry}oo» for-
d°llpldatlﬂg and éoldbilizing‘the apoiipoprotaiﬁs directly
by applylng uhclo llpoproteln fractlons in tetranethyl urea

to- polyacrylamlde gels, and determlnlng apoprotein

bl

 concentrat1ons by den31tome+ry of thevf§ta1ned bands after

electrophore51s. They found the'_meén ratio of-apoLp-{Arg



€9

. . e . : : ‘ -
rich'/apolp-B in prebeta~-VLDL fronm normolipidenic, Type IV
and Type ITYI patients was 0.25, In Type III beta-VLDL this

ratio was 0.4.

The presencs of ‘apolp-‘aArg ‘flch' in. aéo-vibL from
hyperlipop:oteinenicr subjects has also }bgen recognized
recenflx by Herbért_ét al.lbl'They'found éha; when 'apo-VLdL
‘uaﬁ fractionéted én’ Sephadex 6200 in fris*NaDS buftfer, a.

‘Small peak eluted on the leading edge of SF3 in +he region

previously®3 named SF2 by that laboratory.

Further puritication. of the apoprotein fractions froam
gelgfi trationh experiaents was achigved by DEAE—cellulose
' S s ! . . e

chronatography in 8M urea.

An éxampie ot the fractionation.of Sr3 1s 'shown in Fig.

Y15, The gene*al profile i1s siamilar to that repo;téd by

cthers.°‘ s Iy thls wvork it was found that  the relat ve .

~

sizes of the major peaks varled con51deraoly from patlent +o
patient. The fractlons uere 1dent1t1ed bv thelr mlgratlon on-‘
PAGE andyor . amino acid. conpo>1t10n. Flg. 16' shows tha PAGE
results frqn.1CC ul ot the peak tubes invléach of _th;
numbered fractions of Pig. 1S~'Fracf£9n,1 vas ap61p45er;
Fréctibns 2, 3 and 4 Qeré not 1nvestlgated ,gdrther;.vBandé
with PAGE maigration olnllar to that. ot 3 and 4 wére nbt.seen
upon electrophoresis of the unfracylonated SF3 abdproteins
and it 1s suspected tha‘ thcse fractions represent' eitﬁgr

very minor conponents or degradation’ptodncts of the major

- 0.
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Figure 15. DEAE-cellulose chromatography in 8. urea at 40 of
- Type XIII VLDL apoproteins eluted in Sephadex G200 fraction 3
"(SF3). Elution vas  with a.'TrisHCl, pH 8.2 buffer
> comcentration gradient from 0.D9C5M Tris to J.4M Tris, 1M
NaQlse Ser= apolp-Ser, Glu= 'apolp-Glu,. Alal= apolp-Alail,
“Ala2= apolp-ala2. : - R T '
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 ;¢Figdfe 16. Polydcrylamide - disc _g%ln'eleCtrophgresis of .
“eguivolume samples from:the,corresponding numbered fractions' .
in Pig. 15S. o I o A
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~apoproteins. Fractiqn‘B had a much !oue¥faps6rbance ae 230
Db than at 28C nm and so is ualikely to be protein;VBy'amino
acid' a;alyses fractions %, .6, 8 and 9 werec 1d3ntical’to
apoLp?*Arg ricﬁl, Glu, Ala1 and‘Ala? r=Specelvely. Fracelon

\7 was ‘not characterlzed but is pr- obably 1dent1cal to the. c- X

R DR
fracelon_ ot Herbert et al 101 which they tound cons sgently

but in vary1ng amount# and yith an anlro a'cid cqﬁposition'

‘varylng betweer those of apoLp Glu aada apoLp Ala. Recoveries

'from- D?AE cellulose chromatograohy of SF2 preparations wére

. . K ) ) 3
55 - =-75% as measured by agso Thance ax'ZBO‘ni.' : -

A

A4

After further pﬁkification ot thes Yshouldaer® (Fig.13)

f

by ' recycling thlough Sephadex 'GQ"D - this  fraction
(contalnlng about 30% apoLp B). was ch"onatogruphed on 'DEAE-

cellulose. Recoverzes of this flac*’on uele so low qeu 30%)
. : \
that in order to obtaln adequate amoun_s of. purlfled Rnoee’n

-for’ subsequene experlments it  was necessary to  pool  the
'shoulder' t*acﬂlons from a number of 1yne llI pa+1epts.'the

5

elutlon protlle 1s- shouu in Flg. 17. Equal volumes.from each
CfA the le*tered rrectlons were- run',on 'PAGE (rlg. 18)}
. . . . >

: fractlon A hwd an anlno ac1d comp051 ion - 51m11ar to bu+ Hlth

S

some 51gn1‘1canf dlffererces trom that ct anohp B. This is .
of. 1nterest ‘because 1* nad been pr eviously touna ‘that under-

,the same condlflons almos; No proteln uas'eluted when aooLp—

,B 1solated trom LDL. was apolled to- ne uolumn. 'Fraction‘ .

jhada.a Bmuch “lower. ansorbance at 230 nxm thaanBC‘nm and is

_probably comparable to frattlon 3 from DEAE-cellulose

. . A}
/~ L ' - -
Al ,
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Figuré 17 DLAE cellulose chromatography in 8M urea at 49 of
Type . III VLDL apoproteins eluted. from Sephadex G2C0 as a
*shoulder' on the first fraction (SF1). Elutlon buffers were
"1dent1cal to those used in. Fig. 15.
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. Figure 18, Polyacrylénide disc’ gel electropho;e51s ‘ of

_ equlvolume samples from the correspondlng lettered frattlons
in Fig. 17. , ,
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and four or five minor ones.

chromatography of SFP3 (Flg.TS),' This material. VaS'lﬁof~'

v "

retained b§ the\dEalySis tuking (moleoular we;ght‘ cut off

3500) . Fraction E was similar to B atd probably no: pﬁoteln.

o

Fracfion‘F, eluted by 1M NaCl, ‘was not turther‘invesxigated.

Fractions C and D were ideutitied as époLp—'A:q rich' by

amino acid analysis. On PAGE fraction C produced one major

band ‘with a very ta%}% minor  band aboveAand below it.

L4

_ - ' . : ~
Fraction D was pmore heterogeheous with one major comporent

When a preparation of the *shoulder' fr#m one Type III
. . 3 ft( - . . bl L

Zonor was run alone on DEAE-cellulOSe ,aﬁJLelutlon profile
-~

o % -‘

very similar to Fig. 17. resulted excepLF+hat thc sharp peak
on the leading édge of fractlon C waC\more pronounced When
aarylng emounfc up - to 75 ug ot Drgteln from this fsingle
aharp peak vere elec¢trophoresed on PAGE only a .SLngle Nband

with no minor compOnents.was‘observed. ‘The proteia from this

sharp peek was used for’anpiserum preparation.

S 3 . e . . e . .
The eluticr position ¢t D 1s of interes: ir that it is’

'in the ‘same region as apoLp—AlaT from SP3 (Flg _15). This

may account  tor aramaloue amino ac1d com“051t cns reported'

for apoLp Ala bv Shore and Shore,9* who ch;omatographed apo-'

f';

‘VLDL dlrec ly n DWA°—cellulose v1*hou* leOI jtractlonatlon

by cel tllt*atlop. T I

. B
Polyacrylamlde gel electroPhoresf% in SDS (PAGE~SDS) of

-

both fraction C and' Q, yielded a molecular uelght about
S . _ - - .



\

increased proportionately. e

4

35,000 (Fig. ' 19). When fractlons C and D weré run on PAGF-

SDS in Athe resence of a reduc1ng agent (Z—merca_toethanol),
f\p . proethar

they each mlgrated as a .single band. When the reduc1ng agent

w?
s

was” omitted, fraction C had the. SQne behav1our but fraction

D produced a number of larger molecular weight species
. 3 . ’ . « N B N

. . ) . . .
(Fig.20) . The apparent’ faster migration of "€ with ro

‘ : . IR
reducing agent 'Is  not significant since migration of

mol=acular weight standards under the same . conditions was

s

//7‘ The most attractive explanation tor the behaviour of.

fraction D would seem}%@b.'be that during - isolation‘ (or

o \

perhaps ﬁaturaily) .the ,molecule has had sulphydryl groupsg

~

partlally ox1d12ed (resultlng 1n -an altered fafflnlty for.

gg;DEA;fcellulose) - and ~that during PAGE-SDS experlmentc in: fhe

' k!

absence of reduc1ng agont here is. formation c¢ft isulphide
llnkages,f‘resulting_ in‘increased‘mOlecula: veight species.
e . - ' - T ' '

. ' .‘ . &; - ’ : .. .
Hovezsr, amdao acid determination af+ter ‘performic acid

- N N \ :
: oxidationlO2 yiel@ed no Acystelc ‘acid.~ This may not be

d°f1n1+1ve here since the amounts of protein avallable were

e i
such that amino acid‘ analyses uera done Oil. samples whacn
v, . '

émoleS).f”Earller amino acid qeterminationé ;KZ;E as much as

20 nmoles of- nrotein. was applied to the '~<olamn after

“apprbacﬁéd the limAts = ot detec ion of tR? 'analyzer ((2

hydrolysis 1+hou* performlc ac1d oxldatlon shoued no trace

of cystiré. Shore and Shor°92 9e hawe also reported the

¢

absence ‘of cysteic.acid atter pertormlc ac1d oxidation ard .
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Figure 29. Edly'agrylamide disc g2l electrophoresis in sodium
dodecyl sulphate . of -apolp-'Arg rich? fractions C and D in
Fig: 17. HME= 2-mercaptoethanol, 5 ul added with sample.
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o Ce e . e
subsequant hydrolysis of.apoLpffiig tich!{ | !

Nuuerous attenpts Lo de fmine . an amiro terminal‘ usirg ,

samples f:bn’,both tractlons ‘G (anﬁ?nn; were unsuﬁcessful

-

I Ty
' although - ortho- dansyub*yr051n° - and epsylon-dansyl -lysine
-wWere producod ‘in ,Leadlly de;ectable auounts. By the same"

_method,sample$ of aapqnp~ALaVAand ‘apoLp-GLu yl lded theira~‘
_appropriate Nrterninais. N v,-t I A

J . oa .o . ' - -

Carboxyp°p+1daso,3 dlgests of fraqtlons C and D ylelded S

no ca*boxy k rm;nal al*hough pLellmﬂnary exp r1m=nt< us1rg‘

apoLp Ala as’ a subs;rate erlded larg-- amoun s of alanlre,
- : ' L
and vallne:v(‘he C- ta*nlqal se,uence.of apoLp Ala 1s -Val—,,

[y

1la Ala COOH‘S). Shélburne{.and_'?ua ﬁordt,'have  \*€0§5*1y L

reportedlo3 the isbiationa o -_qﬁ\\apop:otelr_iaé_ VLDL byajj
‘Sepharose 68 chromatog“aphy n 61 guanldlne HCl.:Ihey fourdﬂ
it was hamogeaeous by D A?—cellulose cnroma*ograohy, had a;
"molecular Velgh“ 33 JO by PAGE SDS _;iaé_ 1nsalgble:'iﬁw
“‘aqueous' bufters, had a hlgh a“glnﬁne coa ‘rt and N~+erm¢nal
glfaine »'vbyi, dansyld*lor,‘t  C-;ermlaal ;alanine-.. by

carboxypeptiﬁase dlges 1ou.‘I% is dlffl”ult 0 assess thelf

HOIK as 1t vas “ubllshed 1n abst;ac‘ to;a orly, bu: i+t seems

llkaly *hat nhe apollpoproteln*'they report is apoLp-'Arg’

e

‘5r1ch' ‘.Iff_it 1s, *here are savaral ain+ erestlrg dlfferences

betueen tholL repo*t,j‘he f qdlnqs oF Shc*e and Shore,92 9
and those r@po re dfherefif‘ JUR

; /,

e . j

32

Tha studie¢ reported ‘hers and those ot Shore and Shore
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indicated a con51derable hnLerogeneluy in apoLp-'Arg rich?

bqth onA DEAE-cellulose chronatography and PAGE in urea
solution. Spoée and Shore9e réboft 2xcéliont solublllty in
.aqueous buffers; and here apoLp—'Arg rlch"uas found to be
eéSily Splugie' ig N- athylmorph@llqe acetatre' and TrisHCl
buffers. Vithoﬁp; detergent.A Shore and'shore9é 94 have‘not
reported any resﬁlts of N- cr'C— terninal determiha*ion.' It

is p0531ble that the inability to- flnd an N- ;grmlnal heré

»

was du¢3 to ‘alpha-amlno _ carbamylatlon. Shelburne ~and
du%rfordt worked in oM 4auan1d1nﬁ HCl rathcr than urea
solutions, However, *he greabest p0551bl¢ care was taken in

these ‘studies to. avoid carbamylation by using fre§hﬁy‘

< s o : . o o .
deionized urea, working at 4° and promptly removing urea by

dialysis ;after fraCtiOnatioh. Since only. enough purified
proctein was avallanle do, bne»“set 'off éxperinents_'with

carboxypeptldaqg“yA yg‘-uas. not possible to pursue the c-
termlnal ulth ﬁncuba*idﬁsv at varying pR' or with other
Carbox!?ﬁpuldaSEF. S ?",P " e

Thef‘aq§9£géibn,,spectra 6f-fra¢tion$”c;an§ D were very
similar Qith.méxib;~at"289 nm and’, minima at 254 nm. The
‘calculated extibnction coefficient for a’ 1% solution at 280
. nm was 10.3. N ~

Ara1yt1qabv1soelectrotocuss1ng ot all apoLp-'Arg‘ rlch'

l,fracblons ylelded nearly 1dent1cal pattcrns ulth %#SLngie
; J?
major.trac iomnm and some vary m*nor heterogenelty. %

”
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Antibodies raised against the purest forqfof apoLp:5Arg-

rich' isolated gave a reaction of identity wifh all other

preparations of Eﬁis protein (Fig. 21).
) : - 'y

PN
ki
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 Figure 21. Ouchterlony 1mmunod1ffu51on of rabbit antlbod’es
tc apoLp-'Arg rich!., Centre well coritains antiserun.

(") fraction 5, Flg. 15; (2)fraction D, Fig. 17; B
(3)fraction C, Fig, 17; (4)original antigen used to raise-
the ~ antiserunm; (5)same as’ well (2) . ;6)equivalent to
fraction C, Fig. 17, but isolated from a Single patient;

~ The innfrmost precipitin band is nonspec1f1c and was also

 produced when this ° antiserum was run ‘against other

apollpoprotelns. The faintness of the outer. band from well 4
(original antigen) is due to . there’ being . an 1nadeguate
amcunt of an*lgen avallable. - ‘ ‘ .

.
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GENERAL_DISCUSSION

Any attempt to 2xplain the occurrence or fato of betgz-

VLDL in Type III must consider what is known of normal

metabolism of human plaeaa llpoproteins. Although Rajor
advances in our knowledge of such metabollsm bave been made
in recent years the detalls are still speculatlve. Metabolic
studles_ are hampered bj the fab;-ihat llpoprotelns, aslthey
are seen  after 1solat10n, are  the - ra2sult of complex
enzymafic and epontaneous_reactions and %engthy'seﬁa:ation
prcce@ufes; thus tﬁey are 1likely to difter- significant ly

1
from the.origlnal secretory or metabollc produ"

5

Chylomicrons angd prebe+a VLDL arc together respon51ble

for the the .bcdy!s trlglyceride transport.

Althpugh in different organs 1in Tesponse to

dlfterentgstinull ;nelr secret*on ‘mechanisms are similar.104

3 : ' . oy i s
Chylom;crone ’are_ assembled in the intestinal mucosa

1

k-

léaz‘

d7protein, is newly manufactured in the  same cell

along vith <cholesterol . esSters which act as a coce for the

‘naScent' chylomicron. fﬁf apoi and apocC proteins may bs

donated ‘by‘ HDL - or VHDL whlch can en*er the exeracellular

sSpace” bv leakage from the plasma. Somerchoiesterol may‘«also'

be acquired in this fashion..«los In any case-the lymph

chylomicrens contaln a little of’each of “the well- recognlzed

apol poproteln shown ih Table_1 l°° ApoC prote_“s have alco

been shown to t:anster'from HDL ggﬂghylomicrons in-in vi*ro
w . &f . ]

B R o
‘ b2

abcorpt've cell ihf response to dietary tat, Apolp-B, the .



StLdleS and durlng alimentary lipemia in normal subjects.l°7
After -(or whlle?)_ t he chylomlcrons are catabollzed in tke
plasma compart;ent (by the  concerted action’ | of
lecithih:cholesterol _ acyltransferase' and lipoprotein

llpaseloa 109) the apoA and apoC paptidos' are transferred

back +to. HDL‘ probablv to be reut1112ed.!°7 The result is. a1

chylomigron, 'remnant' rclatlvelv rich in- .cholesterol"ester
\ s

- and -apoLp—B, uhrch “is scavenged by thé liver,110 +the

choLesterdl perhaps -goingt,into a p001 deStined for

Tecirculation in other lipoproteins.1tt
. ]’ .

R

[\ ' :
PréhetajVLDL are secretod by the liver in re5ponse to

éndogengus ”lipid,’vélSO‘ u51ng neuly pade 'apoLp-B -and

h
‘P,.‘

probably, ‘to‘ some extent at, least, rocycled apoA and apoC“

prectelins.104 The 'circalatlnq VLDL are catabollznd in a

#

fashion. similar to chylomlcrons with a resultlng shlft of

'ach prote*ns to ADL.112 Duyring cQtabollsm VLDL loses"mpst»

of_ its tr*glycarrde and apoprote_“s other than apolLp-B, arnd

becames relatlvely rich in cholesterQl es*er.us 114 pAt  the -

[

same time it passos through an '1rtermedlate' dan51ty range

(1;006-1.019 g/ml, Sf 12-20) and becomes beta-LDL ,(1.019-

1.063 .gy/ml, Sf‘6-1z)»'LDL is scavenged by the liver and the
chdlesterol ‘may . 2nter ,é catabollc pool  tor biliary

excretionleW‘ "Prebeta- VLDL and ‘beta-1DL then bear a

precursor-product relatidnship.115

Beta m19ra+1ng matef;al wlth a trlglycerlde/cholesterol

ratio = has  been reported | atter starch - block

v "1

82

(a3



electtooho“esiS~ of a VLLCL fraction (SIf 20-30) 1\olat=d from
sub]ects Uleh endogenous lipemia’ (Tvpe 1?)(116 Fisher has

]
d2scribed an St 20 particle, wi“th ‘beta-migration, among ths

lipoproteins of Type IV subjects.11?7 Tracet stadies with

[1‘C]tree fat*y‘ acid have 1nd1caeed a pracursor - product

-

relatlonshlp of prebeta- VLDL and be*a VLDL 1in Type 111.1!8

These result§ have led some uorke* to suggest thaz Type IIT
bata-VLDL 1is identical to the normal‘fintermediage' VIDL |
catabolic product, and that the Typa ‘IIf"dlsOrder is +he

‘Tesult of a “deficieacy ir the saé cond step ot VLDL remnant

3
-

L% N i S
-formation 1i,2.. conversioen of an flntermedlate' density

'lipoprotein  fractien  to LDL" ll9 The dis covery of grea*ly.
iﬁcreaéed‘amountseot,apoLé-'Arg>fiCh' ia VLDL ffom Type IIXI
'”patiente Eequires” soms modlflcatlon of this idea. Type ITT

beta VLDL has ,been found in all density ranges oﬁ VLDL,§5
not juet theA lduer' vafracpiqﬁs. indeed, oﬁe ot thelbest
appr-:Arg‘rich' edurces in shis. stedy ‘was  S.Da. who® hbf
anelyticai ultreeent;ltugetigh pfoved to have a large

: ,p:oportion of his:VIDL in. the upper Sf rarnge. Al*houch

apolLp-‘Arg fiCh'.lS found in normal and Lype rlipop: otelnem’*

Plasma - other than Tvpe IIY, in pdne or

¥

ct

he density ranges
from these 1s it present in the striking  amounts fourd in
Type IIT.*
T o | -
"What.is the origin’ and function ofiapoLp-'A:gwrich'? An
» : , @@‘

*R. . J. Havei University ot qultorrla S¢hool ot ‘Medicine,
personaL communicat 1on. . -

R
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though \loseg' of other

v

apoprorelns see, :.'llkely elrc~ thls uould IGQUlLE mot’onlv

';

a loss' of-/lhe* dpQC protelns but also o‘ apohp B, and zs
emrhasxzed prev1ously there 1s amﬂ;ggr_g gg mount of apoLp-\i'
B 1r Type 1T VLDL. There appear*,_o be good evldence for a

‘E)

precursor\ - product relatlcnshlpmbe‘ween prebeta- ard beta—
Ry

' ' .,
,waL in Type IT1 (~n J. Ra.‘thls was osPe01?lly s*rlklng in
» - o .

that ;during frea;memt and at timﬁigwhenfhis striot dief was

relaxed the preb ta levels were the most_labile,.wlth betza-

VLDL 'levelei followlhg).Q:Ir eicéés' apoLp-'frc riche ,is

-/

3

. . & = . .
acqu1red from some slte 1n the” c1reularlor-"at, & critdcal (iﬁ

metabollc step (up ake cf choles*ero’ eoter by thke liver for
' . :

- “Tb -

\ L S : oL _
example, * or! removal ot othker llpld components durirg -
o _ i, 0 ‘

p0551b11lty exi%;s of a

~

@

rriglyceride'hydrolYSIe) ﬁé":h

/\ H

'mutant' form. of the pr te*n 1n Type =1, lhﬁq a defect

the conversion .of prebetaLVLDL to be ta- LDL may give rlse to
) . -.

(=2

h

ah 1ntermed1ate partlclevvlth uhusual av1d'ry tor aQoLp"Arg

- _f.‘ . - - ®
\\rlch';- or a detective torm ”ofg*rhgs protein ‘may he

N e g L

, recpon51ble f@g euqh a block ' i T S ¢
o , Although fasting chylomicronemia was Sald Lot to be a
feature ot Type II 1in the orlglnal,gefinitlon' it has’been‘

described in several cases ®ince. and vas certulﬁly pregent
. N =

ajhumber’of the patien ‘repor*ed here. The f’Pdlng‘ hat:z
fhese.chylomiérons ‘were. choiesterol rlchléd -é}d contain
. ) e _ 4 . e

excess ~apolLp-'Arg '.I1Chf°°__suggests either “that '?ﬁeSéu‘

smbetanbesr merel acéuired' by exchange during -pféléqgéh_

o
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O

‘ ° . = -
Eirculatory‘ confact uith beta-VLDL or’ .that VLDL  and
\\ €

.chylomlcrons share a common cataoollc step 1nvolv1ng apolp-

'Aro rich?. <:>common triglyceride removal pathway hds been

reported.- ) T ‘]

«

"At least one step in plasma llpeproteln degradatlon ls
medla+ed by tissue llpoproteln llpase. Followlng 1ntravenous
;dmlnﬂstratlon of heparin an rncreased llpolytrc a¢t1v1ty
(PfLA) is ebserrediin nérmal».plasma. ’Decreased ?HLA;‘and

subsequent . hypertriglyceridenia is seen ,durirg' insulin

:wlthdrawal in diabetics;lZI;Although low PHLA levels are not

( . . .
a common characterlsltlc in Type III 1t has been suggested

\
s

that this -could account tOr th transient appearance of

S
l

be+a-VLDL durlng dlabetlc ket0=GldOSlS.1‘ JiS, of course,

cannot explain the dJsappearance of beta-VLDL. in R.Ra.
. & .

. durlng +olbutam1d='w1thdrawal Tt maj be that.at - least one
“insulin .medlated Step‘\is " required tof produce a - partlcle

capable of being metabolized further e.q. ~to ‘beta-VLDL. -

Alternatiyély, ~there ‘may  be more ~than ohe possible

lipOprbzﬁiﬁ catabolic product with beta “electrophoretic ,
» : .

mobiliiy -and denslty <1. 006 g/ml. Beta migration could be a .

furction of eltker a predomlnance of- apoLp B or of-‘apoLp~

”'_'Arg ~rich', and a partlcle might -be trlglycerlde r1ch (the

1

main determlnant of density class) for a number ot ' reasons.

.Thus p&tlents diagnosed . as Type III‘coufd‘have d;fferent

h}

ba51c diseases producing different *kinds® of beta-VLDL.

[ 4

<L
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CONCLUSIONS

Ihe appearance ot Type III in *he J.Jc. kindred is most
compatlble with, but not ~proof of, a recessive .mode of
inheritance, of a vsinglei'gene defect. Tt e pattefnkin the
J.Fa. .kindread flt° eitnerf a domlnanﬁ ~or polygen*c‘

1nher1tance. A poe31ble explanataor for the ear}y appeaaance
l

of Type ‘IXII in JlRa.‘is that h2 also- inherited- Type IL. If

.catabollsm ot VLDL in Type ITI is: . .

Prebeta-VIDL ——1--> beta-VLDL —2-5> beta-LDL -—3——> 2
v N ) . ' - . ) N /'
then a defect, at step 2  (Typs 1III) ~could teasibly be

‘exacetﬁated by a simuitaneons defect at sfep 3 (T¥ype IT).

The nnusnal.response to tclbutamide~;n R .a.'cpuld also the

exPlained'- in terms of .this scheme if durlng lnsulwn

v

wlthdraual the rate-llm*tlng reactlon is step 1 (med*ated by

lapoprc .elin llpase) Bnt‘jprlng lnSUllL suff1c1ency step 2 is

rate llmltlng.

-

-~

. The Tvpe III subjects repqrfed hers presert a number of

~anomalies: .

é

o & L
the rela+1ve good health, lack of xanthoma= and normal

v

welght of S.De. in the face of con51stently very elevated
plasma lipids as well as hlS complete lack of response"tc

'treatment. ' B : Y ;)/'.
. e . . h

. the appearance and dlsappearance ot beta VLDL in unison'
with  good or poor diabetic control 1n R. Ra., 1in the absence .

of other symp*oms' characteristic or - Iype III,. ..
| B . o
86 ‘
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xarthomas.

the pecullar 'fast' béla -VLDL remarked .apon in the most
recently dlscovered case ot Type III (footnote,'lntroduction
- Type III Genetics). The above findihgs“are in contrast'to'
the classio agoearance\of- the @isorder- in. T.an., J Jo.,’
H.Fl.;_ EfLi; rhnd"a Ra. .(exceot, of course, for his young'
aoe) Tn all of these there was xanthomat051s prec1pitated
or aggraiateav by .weighf egaln; good  or ever excellehf‘
response to tteatment and a per51stence of true ~beta VLDL.‘

»(
b

This - would“‘seem to 1nd1cate °1ther that there is more than'

<

1 one ‘typ%' of Type ITI i. e., multlple cauees for beta VLDL,‘

\', ”

ﬂ'or tha‘ a’ b351c commor defcet can be. enormously modlfled by

: othor, as yet undeflped pby51ologlcal factore,

The analytical ulfracentrifuge dlagnostlc proceduref

{

presénted bere is dnlikely to be as rellaple as the much

more exhaustlve method dev1sed at the Donrer Laboratory.33'

-.~However;_'in . cases where Type III is suSpected on cllnlcal

grounds. or ‘frnln cor3unctlon , with - 7_{broad-beta",
_ L o R
electrephoretic paﬂtern ~then a Type ,III pattern on this

T . g . A .
simple and,rapldetephnlque Probably allows a - presumptive
.diagnosis.:‘Négatiie recults, Lowaver, - would ' not permit

rullpg out the dlsorder.

- L. . ~ &
[

© Analytical iSOeI€ctrofocussingvot plasma lipoproteins

proved to be a- falrly reliable uay of. dlagn051ng Type IIT.

It has at least two ‘major advantages over preparatlve-

ultracentrifugation -'electrOphoresis:‘(1f‘1t requires very
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iittle salple and no Spec1al handllng of spec1mens' (2)  the
apparatus and skills afe more available to .clinica;”
'laboratories. A rémarkable»similarlty'was .observéd in +tre
focusséd"lipoprotein.patterns'of first degree relativés ar |
~although.still under developmen‘ the method otters promise
as a reseapch tool  for examlnlng genetic variatiCHS'of;

-
liroproteins.

Iha new apolipoproteirn, apoLp°'Arg rlcn' deSctibéd ard

’ partially character¢zed . here, - has grgtfgus;y béen-
| hnrecognizéd or 1gnoreq by ﬁos;’workers;\}t 1svpresent‘in
‘snall  a9qunts' ;h ﬁormal VLﬁL :bdt. in Tyfé”‘.III ,ifsl
 06nceqt£étion is greatlj 1ncrea$ed IS‘*né éxceéC’adep4;Ar§
ricA%%‘ﬁefely. acqu*red fhrough non- spec1t1c exchangb durlng 
ﬂ}p*olongpd cxrculatlon of VLDL, or does 1t actually play a
causatlve role in the development of Type III ¢.e., does the
productlor of .an abnormal form :Qf ,apoLp-'Argi;ﬁch' (ésj

AY

sucgestod by thls vork) result in a lipoprotein thch is -

netabol1zed v;th d1ff1culty75} ' o ' s
7 . ~
,§§;7 Thg acswers. must await 'further developments_in the
L P . ’ .
':L"__ﬁ.}'ys Lo 'V oo : o .
' ’COmplete characterization of this apollpo;roteln ~ard

probably] in zo:e, specitic‘ techniques for labelllng ard

- b o _
tr?ding fhe Jmetabplism. of apolipoproteins in »geperal.
Houavet, théf diséoiéry ot apoLp-'Arg rlch'bopens'many néw
vii;es of . attack for the study of lipoprotein metaoollsm viﬁ{'

heélthV» nd dlsease and 1n the search for a tasic cause of

Type III hyperllpoprotelnenxa.
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